Hair, Christopher

From: Wilkins, Lynnea

Sent: Friday, January 06, 2012 11:02 AM

To: Hair, Christopher ~
Subject: Fort Calhoun And Cooper Acknowledgement Letter and FRN
Attachments: ML1200300270.doc; ML1200300223.docx

Chris,

As discussed, Kristy is logging these in now (letter -ML1200300223, FRN - ML1200300270)

Thanks Again! -
Lynnea

Lynnea Wilkins, Project Manager
Fort Calhoun Station, Unit 1

Cooper Nuclear Station

Plant Licensing Branch IV

Division of Operating Reactor Licensing
Office of Nuclear Reactor Regulation
US Nuclear Regulatory Commission
Phone: 301-415-1377
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Mr. Thomas Saporito
Senior Consulting Associate
Saprodani Associates

P.O. Box 8413

Jupiter, FL 33468-8413

Dear Mr. Saporito:

On behalf of the U.S. Nuclear Regulatory Commission (NRC), | am responding to your petitions
by letters dated June 26 and July 3, 2011 (Agencywide Documents Access and Management
System (ADAMS) Accession Nos. ML11182B029 and ML11192A285, respectively), in which
you requested escalated enforcement action against Fort Calhoun Station (FCS) and Cooper
Nuclear Station (Cooper), respectively, regarding flood protection. Specifically, you asked the
NRC to take action to suspend or revoke the NRC license(s) granted for the operation of these
nuclear power reactors and issue a notice of violation with a proposed civil penalty against the
collectively named and each singularly named licensee in the matters, in the amount of
$500,000 for FCS and $1,000,000 for Cooper.

In your letter dated June 26, 2011, you also requested that the NRC issue a confirmatory order
to Omaha Public Power District, the licensee for FCS, prohibiting the licensee from restarting
FCS until such time as (1) the floodwaters subside to an appreciably lower level or to sea level,
(2) the licensee upgrades its flood protection plan, (3) the licensee repairs and enhances its
current flood protection berms, and (4) the licensee upgrades its station blackout procedures to
meet a challenging extended loss-of-offsite power as a result of floodwaters and other natural
disasters or terrorist attacks.

In your letter dated July 3, 2011, you requested that the NRC issue a confirmatory order to
Nebraska Public Power District, the licensee for Cooper, requiring the licensee to bring Cooper
to a cold-shutdown mode of operation until such time as (1) the floodwaters subside to an
appreciably lower level or to sea level, (2) the licensee upgrades its flood protection plan, (3) the
licensee repairs and enhances its current flood protection berms, and (4) the licensee upgrades
its station blackout procedures to meet a challenging extended loss-of-offsite power as a result
of floodwaters and other natural disasters or terrorist attacks.

As the basis of the request related to FCS, you stated the following:

On June 26, 2011, a 2,000-foot berm at the Ft. Calhoun Nuclear Plant collapsed
from the forces of flood waters surrounding the nuclear plant. The berm was
constructed 16-feet wide at the base and 8-feet tall to provide flood protection for
the nuclear plant's power-block. The licensee transferred the nuclear plant's
off-site power to on-site diesel generators because of water leaking around the
concrete berm surrounding the main transformers. In addition, flood-waters also
surrounded auxiliary and containment buildings - designed to handle water up to
1,014-feet above sea level. NRC officials issued a statement to the media that -
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the licensee has an earthen berm to protect the electrical switch-yard and a
concrete barrier surrounding electrical transformers.

Petitioner contends here that (1) the licensee's installed flood-protection
measures and systems and barriers at the Ft. Calhoun Nuclear Power Plant are
not sufficient to adequately protect the nuclear reactor from a full-meltdown
scenario like that currently unfolding in Japan; and (2) the licensee's station
blackout procedures are not sufficient to meet a challenging extended loss of
off-site power due to flood-waters and other natural disasters or terrorist attacks.

As the basis of the request related to Cooper, you stated the following:

On June 19, 2011, the licensee notified the U.S. Nuclear Regulatory Commission
(NRC) of an Unusual Event Declared at the Cooper Nuclear Station - in
connection with the Missouri River flooding its banks. The NRC documented the
licensee’s notification as Event Number: 46969 indicating an Event Time of
04:02 CDT; and a Notification Time of 05:27 ET. During the context of the
Unusual Event, the licensee maintain[ed] the nuclear reactor power at 100%.
The licensee further communicated to the NRC that, “The Missouri River is
expected to crest at 899.5 feet within the next couple of days. It is expected that
the elevation of the Missouri River will remain above 899 feet for most of the
summer....”

Petitioner contends here that (1) the licensee's installed flood-protection
measures and systems and barriers at the Cooper Nuclear Station are not
sufficient to adequately protect the nuclear reactor from a full-meltdown scenario
like that currently unfolding in Japan; (2) the licensee's station blackout
procedures are not sufficient to meet a challenging extended loss of off-site
power due to flood-waters and other natural disasters or terrorist attacks; (3) the
licensee failed to timely notify the NRC of the Declaration of an Unusual Event
within a one-hour period; and (4) the license continues to jeopardize public health
and safety by failing to bring the Cooper Nuclear Station to a “cold-shutdown”
mode of operation.

In accordance with Management Directive 8.11, “Review Process for 10 CFR 2.206 Petitions,”
dated October 25, 2000, the NRC has processed your letters under Title 10 of the Code of
Federal Regulations (10 CFR) 2.206, “Requests for Action under this Subpart,” and assigned
these petitions to the NRC'’s Office of Nuclear Reactor Regulation.

On July 7 and 12, 2011, the NRC petition manager, Ms. Lynnea Wilkins, acknowledged receipt
of your petitions, and you asked to address the Petition Review Board (PRB) before its meeting
to make the initial recommendation to accept or reject your petitions for review. On

August 29, 2011, you addressed the PRB during a teleconference to provide additional
information in support of your petitions. During the teleconference, you asked the PRB to
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consider the information you provided as a supplement to your petitions. A copy of the
transcript- from the teleconference is available under ADAMS Accession No. ML11256A036.

On September 12 and October 13, 2011, the PRB met internally to discuss your petitions, as
supplemented by the transcript. During both meetings, the PRB determined that it needed
additional informatian from other internal resources before making its initial recommendation
and a decision on the requests for immediate action. On November 28, 2011, the PRB again
met internally to discuss your petitions. During this meeting, the PRB reached an initial
recommendation that your petitions meet the criteria for review. The PRB also determined that
there is no immediate safety concern that would warrant an immediate action by the NRC to
prevent the restart of FCS or to bring Cooper to cold shutdown, as you requested. Therefore,
the PRB has denied your request for immediate action.

Additionally the PRB idenitified that your petitions raise several issues that are currently
undergoing NRC evaluation as part of the agency’s Near-Term Task Force review of insights
from the Fukushima Dai-ichi accident in Japan, as documented in “Recommendations for
Enhancing Reactor Safety in the 21 Century,” dated July 12, 2011 (ADAMS Accession

No. ML112510264), and in the associated staff requirements memorandum for SECY-11-0137,
“Prioritization of Recommended Actions to be Taken in Response to Fukushima Lessons
Learned,” dated December 15, 2011 (ADAMS Accession No. ML113490055).

The PRB intends to use the results of the above review to inform its final decision on whether to
implement the actions requested in your petition. In an e-mail dated December 13, 2011, the
petitioner manager conveyed the PRB'’s decision to deny your requests for immediate action
and the PRB'’s initial recommendation to accept the petitions for review. The petition manager
also offered you a second opportunity to address the PRB by teleconference; however, you
declined this opportunity.

Because you did not request to address the PRB upon receipt of this initial recommendation,
the PRB’s initial recommendation to accept your petitions for review has become the PRB'’s final
recommendation.

As required by 10 CFR 2.206, the NRC will act on your petitions within a reasonable time. The
petition manager, Ms. Lynnea Wilkins, can be reached at (301) 415-1377.

LR
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| have enclosed for your information a copy of the notice that the NRC is filing with the Office of
the Federal Register for publication. | have also enclosed for your information a copy of
Management Directive 8.11 and the associated brochure NUREG/BR-0200, “Public Petition
Process,” Revision 5, issued February 2003, prepared by the NRC Office of Public Affairs.

Sincerely,

Eric J. Leeds, Director
Office of Nuclear Reactor Regulation

Enclosures:

1. Federal Register Notice

2. Management Directive 8.11
3. NUREG/BR-0200

cc: Listserv
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NUCLEAR REGULATORY COMMISSION
Docket No. 50-285, Licensé No. DPR-40; Docket No. 50-298, License No. DPR-46;
NRC-2012-XXXX
Request for Action against Omaha Public Power District and

Nebraska Public Power District

Notice is hereby given that by petitions dated June 26 and July 3, 2011, respectively,
Thomas Saporito (the petitioner) has requested that the U.S. Nuclear Regulatory Commission
(NRC or the Commission) take escalated enforcement actions against Omaha Public Power
District, the licensee for Fort Calhoun Station, Unit 1 (FCS), and Nebraska Public Power District,
the licensee for Cooper Nuclear Station (Cooper). The petitions dated June 26 and July 3,
2011, are publicly available in the NRC's Agencywide Documents Access and Management
System (ADAMS) under Accession Nos. ML11182B029 and ML11192A285, respectively.

The petitioner has requested that NRC take action to suspend or revoke the NRC
license(s) granted for the operation of nuclear power reactors and issue a notice of violation with
a proposed civil penalty against the collectively named and each singularly named licensee in
this matter — in the amount of $500,000 for Fort Calhoun Station and $1,000,000 for Cooper.
Additionally, the petitioner requested that the NRC issue confirmatory orders to prohibit restart
at FCS and to bring Cooper to a “cold shutdown” mode of operation until such time as (1) the
flood-waters subside to an appreciable lower level or sea-level; (2) the licensee upgrades its
flood-protection plan; (3) the licensee repairs and enhances its current flood-protection berms;
and (4) the licensee upgrades its station blackout procedures to meet a challenging extended

loss of off-site power due to flood-waters and other natural disasters or terrorist attacks.
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As the basis for these requests, the petitioner stated that (1) the licensees’ installed
flood-protection measures and systems and barriers at FCS and Cooper are not sufficient to
adequately protect the nuclear reactor from a full-meltdown scenario liké that currently unfolding
in Japan; and (2) the licensees’ station blackout procedures are not sufficient to meet a
challenging extended loss of off-site power due to flood-waters and other natural disasters or
terrorist attacks.

The requests are being treated pursuant to Title 10 of the Code of Federal Regulations
Section 2.206 of the Commission's regulations. The requests have been referred to the Director
of the Office of Nuclear Reactor Regulation. As provided by Section 2.206, appropriate action
will be taken on these petitions within a reasonable time. The petitioner requested an
opportunity to address the Petition Review Board (PRB). The PRB held a recorded
teleconference with the petitioner on August 29, 2011, during which the petitioner supplemented
and clarified the petitions. The results of those discussions were considered in the PRB'’s
determination regarding the petitioner’'s requests. As a result, the PRB acknowledged the
petitioner’'s concerns regarding flood protection, including station blackout procedures, at FCS
and Cooper. By letter dated January , 2012 (ADAMS Accession No. ML120030022), the
Director of the NRC'’s Office of Nuclear Reactor Regulation denied the petitioner’s requests for
immediate action. Additionally, the PRB noted that (1) natural disasters such as earthquakes
and flooding and (2) station blackout regulations are undergoing NRC review as part of the
lessons-learned from the Fukushima event. The PRB intends to use the results of the
Fukushima review to inform its final decision on whether to implement the requested actions.

Copies of the petitions dated June 26 and July 3, 2011, are available for inspection at
the NRC's Public Document Room (PDR), located at One White Flint North, Public File

Area O1 F21, 11555 Rockville Pike (first floor), Rockville, Maryland 20852. Publicly available
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documents created or received at the NRC are accessible electronically through ADAMS in the

NRC Library at http://www.nrc.gov/reading-rm/adams.html. Persons who do not have access to

ADAMS or who encounter problems in accessing the documents located in ADAMS should

contact the NRC’s PDR Reference staff by telephone at 1-800-397-4209 or 301-415-4737, or by

e-mail to PDR.Resource@nrc.gov.

Dated at Rockville, Maryland, this day of January 2012.

FOR THE NUCLEAR REGULATORY COMMISSION.

Eric J. Leeds, Director,
Office of Nuclear Reactor Regulation.
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EXECUTIVE SUMMARY | | s

introduction

Omaha Public Power District’s (OPPD’s) Fort Calhoun Station (FCS) is a 484-megawatt nuciear
power plant (OPPD, September 25, 2011). FCS is located on the west bank of the Missoun River in
northeastern Washington County, Nebraska. FCS is approximately 4 miles southeast of Blair,
Nebraska, and approximately 19 miles north of Omaha, Nebraska. . '

The flooding of the Missouri River during the summer of 2011 has “signific ‘challenged” the
operation of FCS (OPPD, August 10, 2011). In response t0 this event, OPP repared a Flooding
Recovery Action Plan that documented the actions necessary for the repai and restoration of FCS
operations. This Fort Calhoun Station Plant and Facility Geotechnical:and Structural Assessment
Report (Assessment Report) has been prepared in response to FCS Floo ing Recovery Action Plan 4.1,
-Plant and Fac:lllty Geotechmical and Structural Assessment.

Scope and Purpose

The FCS Plant and Facility Geotechnical and Structural Assessment has been completed to identify
and describe the effects of the 2011 flood on 28 Priority 1 Structures and 19 Priority 2 structures at the
site. Specifically, the objective of this Assessment Report 1s to present HDR’s assessment of changes
to the soil or rock that supports the structures at FCS-that may have negatively impacted those
structures. :

RCV]SIO]’] 0 of this Assessment Report was submitted to OPPD on October 14,2011. Revision 0
presented the results of preliminary assessiments for each Pnonty 1 Structure. These assessments were
incomplete in Revisios =_.O:ibecause the forénsic. investigation and/or monitoring for most of the

Priority 1 Strul' rés'wasnot completed by the submlttal date.

Revision 1 ‘of this Assessment Report was submltted to OPPD on November 28, 2011. Revision ]
presented the partial and preliminary results of additiopal forensic investigation and monitoring to date
for the’ _Key Distress Indicators and the draft final assessment results for Priority 1 Structures.

s Assessment Report presents the following:

and final results of the’Key Distress Indicators forensic investigations
o Final assessment results for the Priority 1 Structures

¢ Final asses's‘ nt.results for the Priority 2 Structures

e Final results of_ the: Commparative Geotechnical Analysis

Principal Findings of the Comparative Geotechnical Analysis

- .. Comparson.of.geotechnical data for pre-flood and;current investigations.indicates.that.there was.no.
observable difference in the overall geotechnical conditions at the site and that the foundation matenals
have not been disturbed or significantly weakened by the prolonged inundation caused by the 20] 1
flood. Comparison of seismic refraction data from the pre-flood and current investigations reveals
similar magnitude of seismic wave velocities over the full depth of the overburden soils, and no
observable differences between pre- and post-flood conditions were identified from this work.
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Based on these findings and evaluations, the overall geotechnical conditions at the site have not been
significantly altered due to the sustained high water. The observed scatter of data points is consistent
with the relatively wide range of strength and stiffness and corresponding blow counts typically
encountered in the alluvial soils within the Missouri River valley. However, these findings are
considered applicable only to those soils present below a depth of 10 feet at the site. The upper 10 feet
were hydro excavated to avoid damaging buried utilities. This upper layer may have been disturbed

.- from-underseepage beneath the temporary levees or from the settlement of utility backfill during
drawdown of the river level and groundwater.

Detailed Forensic Investigations at Key Distress Indicat is

sctural damage or distress caused
dicators of distress:: . -

Each structure was systematically observed for obvious signs o
by the 2011 flood. These inspections revealed three significant

1. Increased groundwater flow into the Turbine Building sump

2. Pavement failure and sinkhole development in the paved access area between the Intake Structure
and Service Building -

3. Column settlement in the Maintenance Shop.

Since publication of Revision 0, work has been ongomg 10 mvestlgate subsurface conditions at each of
the three Key Distress Indicators, as discussed below: :

" In the basement of the Turbine Burldmg, 26 one- mch dlamete 'test holes were drilled through the floor
slab to reach the subgrade. This work found-that the Trigge hg Mechanism of subsurface piping of
soil material due to the sump operation and seepage/flow: the drarn_age system pipes is occurring,
and that the voids are significant and mterconnected Although.it de_al:SO found that the foundation

slab, a"n‘d: six continuous SPT borings Were completed. This work found no evidence of piping erosion,
voids, or subsidence of site fills. Field testing of the subgrade exposed after concrete panel removal
indicated that stiff to very stiff soils were generally encountered in the upper 3 feet below the ground
surface or pavement Based on the observatlons made and tests results obtained, the fill soils in the
locations exposed: and tested are compact cohesive soils that are not susceptible to piping erosion.

SPT borings did not 1dent1fy voids:or very soft/very loose conditions that might indicate piping or
related material loss nor.di 'ey identify changes in soil relative density following the 2011 flood.
Inclinometer and survey monitoring in the Paved Access Area indicates that movement of on-site
subsurface soils or structures has not occurred.

“fedr-the Mainténance- Shops 76 one‘inch-diarieter test holes were drilléd; followed by aisecond:set-ofrGt=iiie =1 v,

one-inch-diameter test holes to investigate the settled column. The results of the KDI #3 forensic
investigations have found that the distress observed in both the Maintenance Shop (failed column) and
the Technical Support (cracked walls) are not associated with the Triggering Mechanism 7 - Soil
Collapse (due to first time wetting). Therefore the CPFMs associated with this Triggering Mechanism
(7a-7¢) have been ruled out by this forensic investigation. The results show that-the distress in both the
Maintenance Shop and the Technical Support Center are connected to KDI #1, which is associated
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with the uncontrolled drainage of the groundwater into the broken Turbine Building basement drainage .
system piping. KDI #1.is a§sociated with the Triggering Mechanism of Subsurface Erosion/Piping ..
(due to pumping) and the CPFM applicable to the Maintenance Shop and Technical Support Center 1s
3a - Undermining and settlement of shallow foundation/slab (due to pumping). This CPFM will only
be ruled out when the physical modifications presented for KDI #1, as presented in Section 4.1 of this
Assessment Report, are implemented.

Recommendations
Turbine Building Sump

e OPPD should perform remedial work 10 stop the uncontrol'll'éd"'drainage of the groundwater into the
broken Turbine Building basement drainage system plpmg and ﬁll the voids betie the basement
floor slab. .

¢ In addition to drainage system repair, the voids crcated by the subsurface erosion/ plpmg should be
filled. -

e A grouting program should be implemented to fill the voids and determine the volume of the voids.

Paved Access Area
e OPPD should complete their pavement restoration work.
Maintenance Shop

e Physical modifications to remediate-the distress in the’ Mamtenancc Shop should be implemented
as planned.
o Further investigations could be undertaken by OPPD as part of the desrgn for the remedial work to
‘repair the Ma1ntenan¢et§ shop and Technical Support Center distress.
¢ Physical modifications outlined in the KDI #1 forensic investigations should be competed before
the physical modifications totemediate the dlstress in the Maintenance Shop and Technical
Suppon ‘Center are 1mplemented C : :

Prlorlty 1 and Priority 2 Structural Assessments

The Geotechnlcal and Structural Assessments have been completed for each of the Priority 1 and
Priority 2 Structures. In general, it has been determined that the 20] 1 Missouri River flood did not
impact the geotechnical and structural integrity of the structures. However, in addition to the
recommendations associated with the KDI investigations as described above, there are specific
recommendations for remedlatlon of 2011 flood impacts for seven structures as presented in each of
their respective Section 5: and Section 6 assessments. Therefore, this determination is conditional upon
implementation of those specific recommendations for the structures listed below:

Table E 1 - Prlorlty 1 and Priority 2 Structures HavaSpecmc Remediation Recommendations

T _ Priority 1°Structures — = ZPriority.2 Structures e
Auxiliary Building Service Building
Containment Maintenance Shop
Technical Support Center PA Paving, PA Sidewalks, and Outdoor Drives
Turbine Building Potable Water Piping
Secunty Barricaded Ballistic Resistant Enclosures Sanitary Sewer System
(BBREs)

R~ J el T
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Table E-1 - Priority 1 and Priority 2 Structures Having Specific Remediation Recommendations

Priority 1 Structures

Priority 2 Structures

Turbine Building South Switchyard

Shooting Range

Condensate Storage Tank

Circulating Water System

Raw Water Piping

Fire Protection System Piping

Waste Disposal Piping

Fuel Oi] Storage Tanks and Piping

Main Underground Cable Bank, Auxiliary Building to’
Intake Structure

Main Underground Cable Bank, MH-1 to Auxiliary
Building

Blair Water System

Demineralized Water System

HDR has concluded that the 2011 Missouri River flood did not impact the geotechnical and structural
integrity of the following structures because the potentlal for failure of this structure due to the flood is .

not 51gn1ﬁcanl

Table E-2 - Priority 1 and Prlorlty 2 Structures Not Impacted by 2011 Flood

Priority 1 Structures _

_ "Priority 2 Structures

Intake Structure

New Warehouse

Rad Waste Building

Chemlstry/Radlatlon Protection (CARP) Building

" Independent Spent Fuel Storage Installation (ISFSI)

- Maintenance Fabrication Shop

Security:Building

“Mintenance Storage Building

Underground:Cable Trench:(Trenwa)

Old Warehouse

Deminera_lizéd Water Tank,"Pdianf'H_ouse, and” -
Reverse Osmosis (RO):Unit .

Traming Center

Meteorological Tower and Miscellaneous Structures

Administration Building

Original Steam Generator Storage Buxldmg (OSGS)

Hazardous Material Storage Building

Switchyard

Maintenance Garage

"~ Transmission Towers

Tertiary Building (Boat Storage)

River Bank

Spare Transformer Pads

Camera Towers and ngh Mast: nghtmg

Gravel Parking Lots

Sewage Lagoons
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Acronyms and Abbreviations
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Failure Modes and Effects Analysis
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ft » B ﬂf:éei_
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HD high density
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Definitions

Class | Class I indicates a system, structure, or component, including instruments and
controls, whose failure might cause or increase the severity of an accident that
could result in an uncontrolled release of radioactivity. This classification also
includes components and structures vital to safe shutdown and isolation of the
reactor.
Conﬁdence is an oplmon regarding the need for additional 1nformanon

Confidence

Credible PFMs
(CPFMs)

Critical Quality
Element (CQE)

Degradation

Key Distress
Indicator

Non-credible PFMs

Potentia_l__:Failure
Mode (PFM)
Potenhal for
degradation/direct
floodwater-impact

Priority | Structures

Priority 2 Structures

Significance

CPFMs were those that were sngmﬁcant enough to demand further nvestigation
and evaluation or studies that would increase the confidence in the findings or
change the conclusion.

CQEs are structures, systems, components; or items whose satisfactory
performance is required to prevent or mitigate the consequences of postulated
accidents that could cause undue ri's'k"tbethe:health and ’safety-:of the pubhc.

Degradation 1s a negative change to the 5011 orrock that supports a structure,
caused by the sustained inundation of the. FCS site during the summer of 2011,
which could materially and: nega’uvely 1mpact theuntegrity or intended functlon
of the structure. : B

A Key Distress lndlcator is ari observed problerp-'area that potentially indicated
that the 2011 flood:had changed the 51te S geotechmcal and physical character.

Non-credible PFMs are those that were clearly so remote that they were
considered.negligible risk contributors.

PFMs are the‘__ways in whiéh-"_é':-:strucmre might fail. Failures are any errors or
defects, and can -'be potential-oriactual.

a determinatiork of whether the Triggering Mechanisms for the CPFMs could
have been or were actually initiated by the flood. :

Priority 1 Structures are those structures and systems that directly support plant

‘operations.

Fr’iofi_'ty 2 Structures are those structures and systems that do not directly support
plant operations.

Sigmficance s determined by the combined consideration.of two elements. The
first element 1s the potential for degradation as described above. The second is
the implications of that degradation to a structure built to its spec1ﬁc design
standard.
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Definitiors T T T Rev. 2
Triggering Triggering Mechanisms are flood-induced triggering mechanisms that could

Mechanism

have caused degradation of the soil and/or rock that supports the FCS structures
and/or could have caused direct impacts on structures due to the force of the

floodwater. Triggering Mechanisms could lead to a potential failure mode
(PFM). '
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1.0 INTRODUCTION -

Omaha Public Power District’s (OPPD’s) Fort Calhoun Station (FCS) is a 484-megawatt nuclear
power plant (OPPD, September 25, 2011). FCS is located on the west bank of the Missouri River in
northeastern Washington County, Nebraska. FCS is located approximately 4 miles southeast of Blarr,
Nebraska, and approximately 19 miles north of Omaha, Nebraska.

Massive ﬂoodmg in the stsoun River basm occurred in 201 1, as descnbed_m Section 1.3,

professmnal
pAction Plan.

HDR provided specialized engineering services for the assessrr;%tﬁ%f geoqt <§hmc
changes caused by the 2011 Missouri River flood.

Report (Assessment Report) has been prepared in resg%iisehto F
Plant and Facility Geotechnical and Structural AssgSSment.

1.1 Scope and Purpose

The FCS Plant and Facility Geotechnicalis

éﬁ: thosesstructures and systems that
= “T%y”]-] Priority 2 Structures are

support plant&(’)%erallons These structures are listed in
sment Report is to present HDR’s assessment of
es at FCS due to the 2011 Missoun River flood

megatively impacted those structures.
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Table 1-1 = Priority 1 Structures (Must Be Assessed Prior to Plant Restart)

Class | (Seismic) Structures

Non-Class | Structures Outside Protected
Area

Intake Structure

Original Steam Generator Storage Building (OSGS)

Auxiliary Building

Switchyard

Containment

Transmission Towers

Rad Waste Building

Meteorological Tow

Technical Support Center

Demineralized Wate]

Kk, Pump House and

Non-Class | Structures inside Protected Area

Independent Spent Fue] Storage Installation (ISFSI) -

Security Building

" Turbine Building

. Security Barricaded Ballistic Resistant Enclosures
(BBREs) '

Turbine Building South Switchyard

Condensate Storage Tank

Underground Utilities

Underground Cable Trench (Security Trenwa)
Circulating Water System '

‘Demineralized Water System

Raw Water Piping

Fire Protection System Piping

Waste Disposal Piping

Fuel Oil Storage
{only FO-1 %;E

Mam U,n*é
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Table 1-2 — Priority 2 Structures (Do Not Directly Support Plant Operations) :
Non-Class } Structures ‘Inside Protected Area Non-Class | Structures Outside Protected =
Area

New Warehouse Maintenance Storage Building (Maintenance Shed)
Service Building _ Old Warehouse

Chemistry/Radiation Protection (CARP) Building Training Center

Maintenance Shop '  Administrative Building

Maintenance Fabrication Shop Hazardous Matenal Sterage Building (Hazmat Shed)

Protected Area Paving and Sidewalks

Underground Utilities

Potable Water

Sanitary Sewer

Source: OPPD. August 10,2011. Flooding Recove ]
0090.

. Priority 1 Structures
0zPriority 2 Structurei

This report presents the findings, conclusions, and recommendations for the geotechnical, structural,
and civil aspects of HDR’s inspection completed at the FCS site. It has been prepared accordance ™
with generally accepted engineering practice and in a manner consistent with the level of care and skill
required for this type of project within this geographical area. No warranty, expressed or implied, is
made.

The findings, conclusions, and recommendations presented herein are based on systematic and
thorough visual observations and reconnaissance, review of available design and construction
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information provided by ethers, the results of field exploration and laboratory materials testing, the .- = -
resu]ts of engineering evaluations, and HDR’s experience and engineering judgment.

Geotechnical engineering and the geologic sciences are characterized by uncertainty. Professional

judgments presented herein are based partly on HDR’s understanding of the past construction at the
FCS site, information gathered during the inspection, HDR’s general expenence, and the state of the
. practice at the time of this writing.

modify the accepted design basis of each structure, or to modi
for FCS. :

1.2.3 Revision History

011,
Structure Saéﬁ'““

some structures, and are included in this Revision
document. :

Revision Date of Issuance
Number i
0 October 14, 201}

December 28, 2011

maintenance act1v1txe§ joi d until a combination of above-normal snowpack in the plains in the
Northern United States (U“S%), above-normal snowpack in the mountains above Fort Péck Dam’ on the
Missouri River, and excessive upstream spring rains in eastern Montana and North and South Dakota
resulted in massive flooding in the Missouri River basin. The U.S. Anny Corps of Engineers
(USACE) began releasing record discharges from Gavins Point Dam? in late May 201T. The
hydrologic background of this Missouri River flood event is explained in Section 2.3 of this
Assessment Report.

Fort Peck Dam is the uppermost in a series of six mainstem dams on the Missouri River.
! Gavins Point Dam is the lowermost of six mainstem dams on the Missouri River.
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- The plant was in cold shutdown when, on June 6,2011, FCS entered Notiﬁc_ation of Unusual Event
“ (NOUE) status as floodwater on the site exceeded an elevation of 1004.feet (ft).> Afier this
declaration, the Missouri River continued 1o rise as increasing amounts of water were released from
upstream dams. Floodwater covered much of the FCS site, reaching a maximum elevation of
approximately 1006.9 ft. The average elevation of the site surrounding the Containment, Turbine
Building, and Auxiliary Building is approximately 1004 ft. A variety of steps were taken to prevent
floodwater from entering any critical buildings.on site. The measures taken to protect the Priority 1
and Prionty 2 structures are listed in Tables 1-4 and 1-5, respectively.

Pnorlty 1 Structure

Intake Structure

Auxiliary Building

Containment

Rad Waste Building

Technical Support Center

Independent Spent Fuel Storage Installation (1SFSI)

Security Building

.Turbine Building
Security Barricaded Ballistic Resistant Enclosures (BE
BBRE F-] 3
BBRE F-2
BBRE F-3
BBRE F-4
BBREF-5
BBRE F-6

Aqua Dam

None

Aqua Dam

None

None

Temporary earthen-berm/sandbag levee

None

(Layfield Environtag
® . A HESCO barrier is
of wire-mesh with heavyZduty polypropylene geotexnle liner, HESCO barriers are filled w1th aggregate
" and placed as temporary dikes or flood defense walls.

3 All elevations are expressed in National Geodetic Vertical Datum of 1929 (NGVD 29), also known as the Sea Level

Datum of 1929,
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Table 1 5 Summary of Flood Protection Measures Taken for Priority 2 Structures
Priority 2 Structure Method of Flood Protectlon

New Warehouse None

Service Building Aqua Dam”

Chemistry/Radiation Protection (CARP) Building Aqua Dam

Maintenance Shop Aqua Dam

Maintenance Fabrication Shop ' None &,

Maintenance Storage Building (Maintenance Shed)
Old Warehouse

Training Center

Administrative Building

Hazardous Material Storage Building (Hazmat Shed)

Maintenance Garage

Tertiary Building (Boat Storage)

Spare Transformer Pads
T1 Spare Transformer Pad

Spare pad located west of the T1 Spare Transform
Shooting Range ;

consists of two polyethylene liners con
tubes are filled with water, the resultin

. 'ég; “4mount of runoff since 1898, eclipsing the
ing on August 19, 2011, USACE began reducing releases
els began to decline. FCS remained in emergency status

I'below elevation (el.) 1004 ft. The site was in an

and roadways, remo;
activities necessary t
activities.

eration. Preparation of this Assessment Report is part of these

14 Assessmént Process

The post-flooding assessment of FCS structures was completed by first conducting a systematic and
thorough visual observation of each structure to identify any outward signs of distress caused by the
flood. After the visual observations, data on the 2011 flood, including the areal extent, water depths,
water velocities, and the effect on groundwater at the FCS site, were compiled. Baseline data for the
- geology, geomorphology, geotechnical, and design conditions prior to the 2011 flood were also
compiled. A list of flood-induced triggering mechanisms that could have caused degradation to the
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soil and/or rock that supports the FCS structures and/or could have caused direct impacts on structures
due to the force of the floodwater (Triggering Mechanisms) was then developed. Examples of
Triggering Mechanisms include settlement, erosion, stability, hydraulic actions, and frost actions.
Using the list of potential Triggering Mechanisms, a comprehensive list of potential failure modes
(PFMs) was developed. PFMs are the ways 1n which a structure might fail. Failures are any errors or
defects, and can be potential or actual. Examples of PFMs include undermining and settlement of
shallow foundation/slab, undermined buried utilities, and loss of lateral suppon for pile foundations.
Using the knowledge compiled for the baseline on each structure’s desigi§tandard (for example
shallow or deep founded building or buned utility), a list of corregps ndlgn%% As. e

process is provided in Section 3.0 of this Assessment Report.

15 Quality Assurance and Control
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ASSESSMENT PROCESS,
PROCEDURES, AND METHQDS
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3.0 ASSESSMENT PROCESS, PROCEDURES, AND METHODS

The purpose of the assessment process 1s to qualitatively determine the significance of the potential for
failure of each FCS structure due to the effects of the 2011 Missouri River flood. This section of the
Assessment Report presents detail on the steps in the assessment process, a description of the methods
used during the field observations, a list of all of the potential failure modes (PFMs) that were
identified, a list of the PFMs determined 1o be “non-credible” in the initial:screening (prior to the

] s information on
due to the

2011 Missouri River flood.
3.1 Assessment Process

changes to the soil or rock thal suppons the structures at FCS due to the
and/or any direct impacts of ﬂoodwater that may have negatlve}y impacte

as structures in this Assessment Report.

The post-flooding assessment of FCS structures
thorough visual observation of each structure:

iStress caused by the
2 extent, water depths,
( ou iled. Baseline data for the
geology, geomorphology, geotechm 2011 flood were also

compiled. A list of ;

e caused direct impacts on structures
hamsms) was then developed. Examples of
tability, hydrauhc actions, and frost actions.

' X Tures are any errors or defects, and can be
iclude undenmnmg and settlement of sha]low

Section 3.4,

Once the list of PFMs was-compiled for each structure, these PFMs were screened to determine if they
were “credible” (CPFM s);ﬁ-‘\'}_vh"irch means a particular PFM could have occurred or could be in progress
due to the changes caused by the 2011 flood. This included a determination of whether the Triggering
" Mechanisms.for the. CPFMs could have been or were, actual]y mitiated by the flood (potential for,
'degradatlon/dlrect floodwater impact). As a result, some PFMs were determined to be non-credible.
For example, PFMs arising from river bank erosion were eliminated because no evidence of bank
erosion was observed. A detailed list of PFMs eliminated from detailed study 1s presented in

Section 3.6.
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During detailed assessment, when additional data were available including the results of the systematic
visual observations, a secondary screening took place to rule out additional CPFMs. This might have
resulted in the elimination of all of the CPFMs imitially identified for a particular structure, or there
could be remaining CPFMs, which are discussed in detail in this Assessment Report. Also, the PFMs
screened out as non-credible in the initial screening described above were reviewed again in light of
the additional available data to determine if they should be added back to the list of CPFMs. ‘The
remaining CPFMs were evaluated-to determine first the potential for degradation to the soil or rock
that supports the structure and/or the direct floodwater impacts due to the:2011 flood and then the

ig tbination of the
gradation/impact is
ificant.” The final

step in the analysis was to evaluate the “confidence” in the pot
“low” or “high.”

3.2 Assessment Process Steps

eight steps, as shown in Figure 3-1. In addition, the a
allow for incorporation of new information as it b
steps as appropriate.

ndition/|

Step 1. Site Descrlptlon and Bas§h Co
as-built drawings, previou!
pre-flood conditions
pre-flood and post- ﬂ'

Using the‘compiled data on the 2011 flood in Step 1,
Mechanisms. Using the list of potential Triggering
prehensive list of PFMs. Using the knowledge compiled

Potential Failure Mo
develop a list of Trigg
‘Mechanisms, develop :
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Site Description & Potential for Failure
Baseline Condition / i : . Confidia - Data
History . Lo : ' N Gathering?
\
i @ .
Potential = &
S =+ Credible/Applicable =
- Failure Modes s P
Determination 8 g
| pdat L] Long Term Monitoring
) ) Assessment Detsited Forensics
, _— +| Fisld Exploraton & . Physical Modification
R Data Gathering . . .
Non-Credible \/_ :
; ¥
. 4
REPORT
RY
Site Visual Key Distress

Assessments Indicators

-1 — Plant and Facility Geotechnical and Structural Assessment Process

~te
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Step 3. Credible/Applicable Determination — Conduct initial screening of Triggering
Mechanisms and PFMs to determine if a specific PFM is applicable, credible, or non- -
credible for a particular structure. The initial screening is based on general review of
background information, prior knowledge of the site, and observations from the initial
site inspection(s). In this step, PFMs are categorized as one of following:

o Not Applicable - PFMs that are not applicable to that type-of structure (For

" example, “loss of lateral support for pile foundation™ wguld not apply to a structure
that does not have a pile foundation.) e

e Credible - PFMs that are 1) physically p0551b

further evaluated

¢ Non-credible — PFMs (or their associated Tn

chance of their existence 1s judged to be so sma

information, that they are considered negligibl

failure

Step 4.

i‘nspecti'ons, field survey, and:ot el ing. step also includes
additional research of e basis of design,
construction details, ar

- Step S.

ed for a parhcular structure, or there might be remaining
forward for detailed assessment.

Step 6. |

Step 7. " Potentia Failure Analysis — Given the potential for degradation/direct floodwater
impact as identified in Step 6, determine the significance of the potential for failure.
The significance of the potential for failure is determined by the combined.

~-consideratron of two-elements:-the first element is the potential for.degradation/direct - ... -

floodwater impact, and the second is the implications of that degradation/direct
floodwater impact to a structure built to 1ts specific design standard.
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The rationale for the potential-for-failure significance determination, including a
description of the role each element played in that determination, is provided in .’
Sections 5.0 and 6.0 of this Assessment Report for Prionty 1 and Priority 2 Structures,
_ respectively:

¢ Not Significant/High Confidence — “Not Significant” indicates that the poiential
for failure (the combined consideration of the potential for degradation/direct
ﬂoodwaler 1mpac1 and the 1mphcah0ns of that degradat"‘ dxrecl ﬂoodwater impact

Page 3-5
Rev. 2

»

“low.” A description of the reason why a CP.
placed in this category, including a descripti
the significance determination, is provided r
Assessment Report for Priority 1 and Priority™
Conﬂdence “indicates that addmonal informatig

Tar structure was
lement played in

this calegory S
Not Slgnlﬁcant/Low Confidence LN

for which'a
recommend

(the combined con
impact and the imp
structure built to it

tion of the‘potemlal for degradation/direct floodwater
ons of that degradation/direct floodwater impact to a
ific design standard) has been qualitatively evaluated as
‘of the reason why a CPFM for any particular structure was

termination, 1s provided in Sections 5.0 and 6.0 of this

| for Priority 1 and Prionty 2 Structures, respectively. “Low
Conﬁden indicates that additional information and studies are required to .
increase the confidence in the findings. The . CPFMs included in this category are
those for which additional data are required to determine whether physical -

~ modification wil] be recommended.

e Slgmﬁcant/ngh Confidence — “Significant” md]cates that the potenl)al for failure
(the combined consideration of the potential for degradation/direct floodwater
impact and the implications of that degradation/direct floodwater impact to a
structure built to its specific design standard) has been qualitatively evaluated as
“high.” A description of the reason why a CPFM for any particular structure was
placed in this category, including a description of the role each element played in
the significance determination, is provided in Sections 5.0 and 6.0 of this '

Assessment'Re
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Assessment Report for Priority 1 and Prionty 2 Structures, respectively. “High
Confidence” indicates that additional information and studies are not likely to
increase the confidence in the findings or change the conclusions. The CPFMs
included in this category are those for which physical modifications are
recommended. Any additional data are required only to facilitate the
implementation of those physical modifications.

Document the results using a four-quadrant matrix. This matrix, provided as Table 3-1,
shows the rating for the estimated total potential forfailure-along thé:vertical axis and
the level of confidence along the horizontal axis

Low Confidence
(Insufficient Data)

Recommend additional detailed | Recommend dela'ile
forensic investigations and/or investigations leadi
monitoring leading to a decisio ion 10 a structure
{ on physical modification to a
structure '

Potential
for Failure
Significant

ential-for-failure assessment, determine whether additional

Step 8.
ize the results of the assessment, and document specific

3.3 Field Obser

The 2011 flood event covi _m_d'nearly 80 percent of the FCS site. Some of the Priority 1 Structures
were protecled by engineering measures (such as sandbags, temporary berms, and other flood-proofing
measures) but many of the Priority 1 Structures, including a number of buried infrastructure systems,
‘were not.  As floodwater receded: visal observations of éach structire were conducted to identify any
obvious signs of distress or to identify Triggering Mechanisms that could lead to distress. The
inspections were completed by three-person teams consisting of senior HDR professionals expenienced
n structural, civil, and geotechnical engineering. The overall FCS site was also visited by a variety of
other professionals for purposes of generally assessing the flood damages and site conditions.
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‘Prior to conducting the site inspections, each discipline lead developed a checklist of specific structural
and utility system concerns or issues that might have resulted from prolonged exposure to the
floodwater. Copies of each checkhst (structural, civil, and geotechnical) are included in Attachment 3
of this Assessment Report. Examples of the concerns and issues include the following:

e s there evidence of distress from flood forces on the structure caused bv foundation uplift,
foundation undermining, or other actions?

e Is there evidence of surface erosion or observable scour?
e s the existing fevetment protection undamaged?

e Is there evidence of moisture damage to concrete or metalli
s Are there any signs of tilting or cracking of concrete slabs
¢ s there observable ground subsidence?

e Is there observable pavement subsidence?

e Is there observable piping (sand boils, sinkholes)?

3.4

ldentified Potential Failure Modes.

Triggering
Mechanism
No.

Triggering
Mechanism

jver Bank”
rosion/Scour -

Loss of lateral support for pile foundation

Undci@ii' d buried utilities pipes/cables

Additional al force on piles

Surface Erosion

| Undermining'§hallow foundation/slab

1oss of lateral support for pile foundauon

Undermined buried utilities

Undermining and settlement of shallow foundation/siab (due to pumping)

Loss of lateral support for pile foundation (due to pumping)

Undermined buried utilities (due 10 pumping)

3 Subsurfac Undermining and settiement of shallow foundation/slab (due to river
- Erosion/P drawdown) :
3e Loss of lateral support for pile foundation (due to river drawdown)
3f Undermined buried utilities (due to river drawdown)
3 Sinkhole devélopment due to pi;;.ing into karst voids
4a Overturning
Hydrostatic Lateral | 4b Sliding
4 Loading (water dc Wall failure in flexure
loading on
structures) 4d Wall failure in shear
4e Excess deflection
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Mechanisms and Potential Failure Modes

Table 3-2 — Triggering
Triggering . . .
Mechanism Trlgger!ng F:E:M Potentiail Failure Mode
Mechanism No. _
No.
Sa Overturning
5b Sliding
Hydrodynamic 5¢ Wall failure in flexure
5 )
Loading” 5d Wall failure in shear
| 5e Damage by debris
) Excess deflection
Buoyancy, Uplift 6a Fail tension piles
6 Forceson 6b Cracked slab, loss of structiir;
Structures 6¢ Displaced structure/broken connec N
7 Cracked slab, differential se:t?t?.l:émeht“- ow foundatioh,'loés:'of_- o
a structural support '
7 Soil Collapse (first | 7, Displaced strucwié/
time wetting) =
7c
7d
8 Soil Solutioning 8a
9a undation, loss of structural
9 Swelling of 9b

Expansive Soils

€low-grade walls

Machine/VibratiB

_slab', differential settlement of shallow foundation, loss of
;support

Induced
Liquefaction

triicture/broken connections

T30

. Additional’ ateral force on below-grade walls

ile/pile group instability

Cracked slab, differential settlement of shallow foundation, toss of

istructural support

Displaced structure/broken connections

Additional lateral force on below-grade walls

Pile/pile group instabiiit_v

River bank slope failure and undermining surrounding structures

Lateral spreading

13a Corrosion of underground utilities
13 Submergence | R T
e e 13b - Corrosion-ofsstriictural elements
14 Frost Effects 14a Not applicable
15 Karst Foundation 15a Piles punching through karst voids due to additional loading

Collapse
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3.5 Initial Screening of Potential Failure Modes

A summary of Triggering Mechanisms and associated PFMs by structure is presented in Attachment 4.
Structures 10 be assessed were selected and prioritized by OPPD and included buildings, process
structures, equipment foundations, tank foundations, and electrical towers (structures). In

Attachment 4, the structures are grouped into three categories:

¢ (Class I structures
e Non-class ] structures inside the Protected Area
e Non-class | structures outside the Protected Area

PFMs judged by the assessment teams to be credible based on:

evidence of bank scour along the east b
river scour/bank erosion were non-credi

Ratlonale for Elimination

Undermining shallow

_Bathymetric survey of the river channel and banks
indicated no observable sloughing, scouring, or other
signs of bank erosion.

Loss of lateral support for;

Undermined buried utilities:pipes/cables

— . ¢ Visual observations of the river bank indicated no

Additional tateral force on piles sloughing, scouring, or other signs of bank erosion.

¢ Bank stabilization features instalied by USACE are
robust, and there is no known major bank fdllure as a
resuh of 2011 ﬂoodmg

Triggering Mechanism 3 Erosion/Piping

PFM 3g Sinkhole devel ment (due to piping into | Karst voids are filled with water. There is no head
karst voids) differential (gradient) to initiate this type of soil erosion.

| Triggering Mechanism 8 - Soil Solutioning

TPFM 8a 1\’-ar'iou's ~ 7| Mineralogy of local soils isnot susceptible to sohutioning. | -
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Table 3-3 — Potential Failure Modes Determined to be Non-Credible for Priority 1 Structures
Identifier | Potential Failure Mode | Rationale for Elimination
Triggering Mechanism 9 — Swelling of Expansive Soils

PFM 9a Cracked slab, differential heave of + Highly expansive soils are not present at the FCS site.”
shallow foundation, loss of structural Structures are founded either on non-expansive select
support fill or on non-expansive native granular soiis (pile-

PFM 9b Displaced structure/broken connections - supported structures).

) T s With respect to soil ration of expansive soils, the

PFM 9¢ Fail tension piles 4 ° satu pans o

2011 flood evem was nusual_because similar soil

PFM 9d Additional lateral force on below -grade yast floods for the

walls

Triggering Mechanism 15 — Karst Foundation Collapse

PFM 15a | Piles punching through karst voids due to
additional loading

soil downdrag i iS minis
vertical load.

Identifier | Potential Failure Mode

Triggering Mechanism | — River Bank Erosion/Scour

PFM la
PFM b
PFM 1lc
PFM 1d

Triggering Mcgh

River 1s back to nominal normal levels and the PFMs
-were not observed.

PFM 3d

Loss of lateral suppo'
(due to river drawdown

iping into | Karst voids are filled with water. There is no head
differential (gradient) to initiate this type of soil erosion.

PFM 3g

Triggering Mech

PFM 8a Mineralogy of'local soils is not susceptible to solutioning.

Triggering Mechanism 10'= Mééhir}éi/Vibralion Induced Liquefaction

PFM 10a Crack Slab,':"di'f?ére'nlial settlement of Groundwater is back to nominal normal levels, and the
shallow foundation, loss of structural PFMs were not observed.
support
PFM 10b 'Displaced structure/broken connectiéns - T
PFM 10c Additional lateral force on below-grade
walls
| PFM j0d Pile/pile group instability
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Table 3-4 — Potential Failure Modes Determined to be Non-Credible for Priority 2 Structures
Identifier | Potential Failure Mode l Rationale for Elimination
- Triggering Mechanism 12 — Rapid Drawdown ' '

PFM 12a " | River bank slope failure and undenmmng ‘Groundwater 1s back to nominal normal levels. and the
: surrounding structures PFMs were not observed.
PFM 12b Lateral spreading

Triggering Mechanism 13 - Submergence

PFM 13a ~ . | Corrosion of underground utilities

environment

PFM 13b Corrosion of structural elements he
conditions.

Triggering Mechanism 14 ~ Frost Effects

PFM 14a Various Prior to groun
: nominal normal

Triggering Mechanism 15 - Karst Foundation Collapse

PFM 15a Piles punching through karst voids due to
additional loading :

3.7 Assessment Methods

investigations.
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otential Failure Modes

Table 3-5 — Potential Methods and Procedures for Addressmg Identifie
Potential Failure Mode (PFM) :

Investigation Méthod,.

Triggering
Mechanism

... PFM Description

Background Data
Research

Structiure Assessment

Subsurface
Investigations

1. River Bank
Erosion/Scour

a. Undermining shatlow
foundation/slab

b. Loss of lateral support
for pile foundation

¢. Undermined buried
utilities pipes/cables

_ d. Additional lateral force

- on piles

These PFMs were determined to be non-credible.

2. Surface
Erosion

ai Undermining shallow
foundation/slab

[Nore: these actions were
taken for each PFM.}

“Interview QPPD staff.

Review plans and
specifications to identify
pertinent design and
construction details nee
to define pre-flooc
conditions. '

depths, and velocitie

rea adracent to: truotureq.

b. Loss of laterdl 'support
for pile foundation-

Observe soil conditions
around structure for
settlement.

Observe pile-supported slab
for cracking or excessive
deflection.
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Table 3-5 — Potential Methods and Procedures for Addressmgldentlfled Potential Failure Modes
Potential Failure Mode (PFM) ' Invesﬂ&tlon Méthod
Triggering o Background Data . Subsurface
Mechanism | PFM Description Research Field Observatio Ssessment Investigations
2. Surface ¢ Undermined buried Observe surface cotditi '
Erosion utilities for erosion, broken :
{continued) ’ pavement, depressions;
guilies, and other signs 6
distress, and hand prob
area adjacent to structufes:
TV open conduits and pipe
in soil if accessible or.as
possible.
3. Subsurface a. Undermining and ' Test for voids using
Erosion/Piping | . settlement of shallow ground penetrating radar

foundation/slab (due to
“pumping)

designated paintson

evation of

ftlement of foundation.

(GPR).
Hydro-excavaté -suspect
areas where feasible.

b: Loss of lateral support
* for pile foundation (due
to pumping)

Sample areas adjacent to
structures using standard
penetration test (SPT) or
cone penetration test
(CPT) methods as
appropriate.

pumping"j :

.Observe surface condition
-for anomalies, and hand

probe alignment or area
adjacent to structures.

TV open conduits and pipe
in soil if accessible or as
possible. Inspect utility
manholes (MHs) if
possible. Identify MH
penetrations that leak: look
for sediment in MH bottom
and in pumped water. ‘

Observe soil conditions at
utilities for settlement or
lost soil material.

Test for voids using
GPR.

Hydro-excavate suspecl'
areas where feasible.
Open test pit where
feasible.
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Table 3-5 — Potential Methods and Procedures for Addressmg Identified Potential Fa|lure Modes
Potential Fallure Mode (PFM) Investlgatlon Method
Triggering Background Data . Subsurface
‘Mechanisim PFM Description Research Field Observations cture Assessment Investigations

3. Subsurface
Erosion/Piping
(continued)

d. .Undermining and
settlement of shallow
.foundation/slab (due to
‘river drawdown)

for anomalies, and h:
probe alignment or a

designated points on
foundations.

adjacent to structures.
Survey/monitor elevatig

Observe surface conditign Obsetve soil conditions

Test for voids using
GPR.

Hydro-excavate suspect

areas where feasible.

e. Loss of lateral support
for pile foundation (due
“to river drawdown)

around strur
settlement.

Sample areas adjacent to
structures using SPT or
CPT methods as
appropriate.

f. Undermined buried
utilities (due to river
drawdown)

ssible. Identify MH
‘Penetrations that leak; look
for sediment in MH bottom
and in pumped water.

bserve soil conditions at
for settlement or
§t'$oil material.

Test for voids using
GPR.
Hydro-excavate suspect

- areas where feasible.

Open test pit where
feasible.

kalst voids; :

This PFM was detérrn

to be non-credible.

4. Hydrostatic
Lateral
Loading
(water
loading on
structures)

al :Overtuming

designated points on
foundations.

Survey/monitor elevation of | Observe structures for signs

of movement.

b. Sliding

designated points on
foundations.

Survey/monitor elevation of | Observe structures for signs

of movement.
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Table 3-5 - Potential Methods and Procedures for Addressing ldentified Potential Failure Modes
Potential Failure Mode (PFM) _ Investugahon Method

Triggerin : N Background Data ubsurf
geering PFM Description g D Field Observati S osuriace
Mechanism o Research Investigations
4. Hydrostatic | c.:Wall failure in flexure - Survey/monitor eleVation of et y
Lateral i : designated points ofi: ' ' )
Loading foundations. -
(water loading
on structures) i
continued : . - . ;
( ) d Wall fatlure in she_ar . Su[—vey/lnonltor elevati
designated points on
foundations
e. Excess deflection ' Sur\'e monitor elevatlon

racking, water
ge;or excessive
sible) deflection.

5. Hydrodynamic | a. Overturning
Loading

@bserve structures for signs
f high water exposure or
structure movement.

b. Sliding rvey/monitor elevation of | Observe structures for signs
ignated points on of high water exposure or

structure movement.

Observe exposed structure
for signs of high water.
Observe exposed structural
elements for signs of
cracking, water leakage, or
excessive (visible)
deflection.

c. Failure in flegure
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Table 3-5 — Potential Methods and Procedures for Addressing Identified Potential Failure Modes
Potential Failure Mode (PFM) Investigation Method
Triggering e Background Data . . ' b Subsurface
Mechanism PFM Description Research Field Obse.rv.au Ssessment Investigations

5. Hydrodynamic
Loading
(continued)

d.

Failure in shear

sed structure

e

Dainage by debris

Obsefve éxposed structure
for signs of high water or
impact abrasio

f.

Excess deflection

“from debnis.

e exposed structure
ns.of high water.

tacking, water leakage, or
excessive (visible)
deflection.

6. Buoyancy,
Uplift Forces
on Structures

a:

Failed tension pites

Observe pile-supported
slabs for cracking, upward
deflection.

erimeter grade
for anomaljes,
probe alignment
or area adjacent to
structures.

Observe pile supported
slabs for cracking or
upward deflection.

Hydro-excavate suspect
areas.

c.-’

3t

Displaced :
structure/broken
connections

Observe perimeter grade
condition for anomalies,
and hand probe alignment
or area adjacent to
structures.

Observe structures for
cracking, broken members,
or other signs of structural
distress. '
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Table 3-5 - Potential Methods and Procedures.for Addressing ldentified Potential Failure Modes

Potential Failure Mode (PFM)

Triggering
Mechanism

PFM Description

Background Data
' Research

Field Observatio

Investigation Method

Subsurface
Investigations

7. Soil Collapse
(first time
wetting)

a. Cracked slab,
differential settiement
of shallow foundation,
loss of structural

. Observe surface cor
- for anomalies, and
_probe alignment or ar

adjacent to structures. '

Hydro-excavate suspect
areas.

Obtain undisturbed
samples, and test density

support Survey/monitor elevatior Lwater content.
designated points on,
foundations.
Hydro-excavate suspect

b. Displaced
" structure/broken
connections

areas.
Obtain undisturbed
samples, and test density
and water content.

¢. General site settiement

adjacent to qtruc )

esignated points on

Survey/monitor eleva 10n of

Hydro-excavate suspect
areas.

Obtain undisturbed
samples, and test density.
and water content.

d. Piles bucklmg from

Observe pile-supported
slabs for cracking or
downward deflection.

Hydro-excavate suspect
areas.

Obtain undisturbed
samples, and test density
and water contént.

8. Soil
Solutioning

a. Not dpplicablé E

This PFM was detern:

d to be non-credible.
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Table 3-5 — Potential Methods and Procedures for Addressing ldentified Potential Failure Modes
Potential Failure Mode (PFM) Investlgatlon Method
Triggering } _— Background Data . Subsurface
Mechanism PFM Dgscrlptlon Research Field Observations §sessment Investigations
9. Swelling of a. Cx‘acked slab, These PFMs were determined to be non-credible.
Expansive ~ differential heave of
Soils shallow foundation,

“ loss of structural
. support -

b. Displaced
- structure/broken
connections

c.;Fail tension piles

d. Additional lateral force
on below-grade walls

10. Machine/
Vibration-
Induced
Liquefaction

a. Cracked slab, .
differential settlement
of shallow foundation,

. loss of structural

Sample areas adjacent to
structures using SPT or
CPT methods as
appropriate.

. support Hydro-excavate suspect
designated points-on areas.
foundations. : Conduct seismic
refraction surveys.
b. Displaced bserve surface condition Observe structures for Sample areas adjacent to

structure/bloken
connection

anomalies, and hand
lignment or area
’?*f

o structures.-
/tonitor elevation of
designated points on
foundations.

cracking. broken members,
or other signs of structural
distress.

structures using SPT or
CPT methods as
approprate. _
Hydro-excavate suspect
areas.

Conduct seismic
refraction surveys.

¢ Additional la
on below-grade wall

Observe perimeter walls
and below-grade walls for
signs of cracking, water
leakage. or excessive
(visible) deflection.

Sample areas adjacent to
structures using SPT or
CPT methods as
appropriate.
Hydro-excavate suspect
areas.

Conduct seismic
refraction surveys.
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Strength due
to Static
Liquefaction
or Upward
Seepage

slab/differential
settlement of shallow
foundation/loss of

" structural support

“foundations.

Rev. 2
Table 3-5 - Potential Methods and Procedures for Addressing Identified Potential Fallure Modes
Potential Fallure Mode (PFM) lnvestlgatlon Method
Triggering ) Background Data . . ' Subsurface
Mechanism - PFM Description Research Field Observation " Investigations
10. Machine/ d{é‘;Pile/pile group Sample areas adjacent to
Vibration- . instability structures using SPT or
Induced : CPT methods as
Liquefaction appropriate.
(continued) _Hydro-excavate suspect
areas. '
1 Conduct seismic
i refraction surveys.
I'1. Loss of Soil a. Cracked Sample areas adjacent to

structures using SPT or
CPT methods as
appropriate.
Hydro-excavate suspect
areas.

Conduct seismic
refraction surveys.

b. Displaced
structure/broken
connections

for anomalies, and

demgn d points on

Observe surfacg condi 101

probe alignment or area
jacent to structures.

/monitor elevation of

Observe structures for
cracking, broken members,
or other signs of structural
distress. :

Sample areas adjacent to
structures using SPT or
CPT methods as
appropriate.
Hydro-excavate suspect
areas.

Conduct seismic
refraction surveys.

latéfal force
. ‘on below- grade walls

Observe penmeter walls
and below-grade walls for
signs of cracking, water
leakage, or excessive
(visible) deflection.

Sample areas adjacent to
structures using SPT or
CPT methods as
appropriate.
Hydro-excavate suspect
areas. ’
Conduct seismic
refraction surveys.
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Table 3-5 — Potential Methods and Procedures for Addressmg Identlfled Potential Failure Modes
Potential Failure Mode (PFM) Investigation Method

Triggering . Background Data : Subsurface
Mechanism PFM Descnptwn Research Investigations

11. Loss of Soil d. "Plle/pnle group Sample areas adjacent to
Strength due mstablhty structures using SPT or
to Static CPT methods as
Liquefaction appropriate.
or Upward I¥dro-excavate suspect
Seepage €as.

(continued)

Conduct seismic
refraction surveys.

12. Rapid
Drawdown

e. River baik slope
failure and
undermining
surrounding structures

-3

Install and monitor
mclinometers.-
Hydro-excavate suspect
areas.

a Latelfél spreading

probe ahgnment o
ad]acent to structu

Qbserve site soils

iconditions for signs of soil

movements or spreading.

Install and monitor -
inclinometers.

13. Submergence

a. Corrosion of
underground utiliti

b. Corrosnon of?structural
elements :

Observe exposed structural
elements for signs of rust,
degraded material, or other
signs of corrosion.

14. Frost Effects

a. Not applicab

| Test soil properties.

15. Karst
Foundation

a. Piles punching’th
karst voids due to

This PFM was detenhined'"to be non-credible.

Collapse

additional loading
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4.0 KEY DISTRESS INDICATORS

During the site visual assessments, three problem areas were observed that potentially indicated that
the 2011 flood had changed the site’s geotechnical and physical character. These observed problem
areas, referred to as Key Distress Indicators (KDls), are the following:

1. Increased groundwater flow into the Turbine Building sump

2. Pavement failure and sinkhole in the paved access area between.gg\e
. Building ;

3. Column settlement in the Maintenance Shop

The locations of these KDIs are shown in Figure 4-1. Each of ff s
PFM analysis to determine the associated Triggering Mechanism, t
other structures that could be affected by the same PFM, and to reg

intended to restore the KDIs to their pre-flood condition.

4.1 Increased Groundwater Flow into the ;*:**,u

* The Ty u1ldmg has a doc' el
19973 LHiS void was discovered Vil i :-_
brtﬁ;ﬁ&g)m ;
groufigh ) tes through these broken pipes into the sump from that time
to the p e sump is directly attributed to the hydraulic head of the

groundwatBy  increased as the floodwater elevation increased across the

surrounded by appy:
is 10g1ca1 to assumes

piping, some moveme! 31l has occurred.

The increased flow is origivr’\?éting from breaks in the pipes that are designed to carry water from the
floor drains in the basement of the Turbine Building. These drains are also used to drain equipment in
the Turbine Building. The structures potentially affected by the CPFMs associated with the Triggering
Mechanism (Subsurface Erosion/Piping) for Key Distress Indicator #1 are presented in Section 4.1.1.
A complete description of each structure is presented in its respective subsection of Section 5.0.
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The following information was taken from a summary report prepared by OPPD dated March 24,
2009, regarding broken floor drain pipes:

o There are two drain lines that run parallel to each other: the 6-in. floor drain and the 10-in waterbox
drain. The drain lines are not cross-connected, so both lines must have a piping break if the 10-in. -
line is causing the floor drains to back up.

e A vendor was brought in to visually inspect the drain lines. The vendo
drain at the branch tee from the VD-193 drain valve but could not insps

found a break in the 10-in.
' the 6 -in. floor drain

Ris

and pressure grouting to seal the leak. Per the “Water Syster®

April | Through June 30, 1997” (memo PED/EOS SYE 97-12

Repair of the Turbine Building Basement Drain line hé; a
period. The repair procedure consisted of core drlllmg holes lﬁ~_

and pressure grouting to seal the leak. Approxin 3

was estimated that a void of approximatel

slab. The void was filled with cement

Boroscope inspection of the pipe exten

considerable pipe damage, in more thafiion

concern over collapsing the line ]

grouting operation. FC ECN, ‘

‘be installed. 3

o The grout was injected in the ary

time later, the Turbme Bu1ldmg S

f 2 hf:groutL

system into the sump. A recent
Briderable amount of grout in the floor drain south of the
: almost fully restricted. This grout most likely

ES were broken at that time too.

- the Turbine Buxldmg 0 iks in the piping have been documented for an extended period of time .
(dating back to at least g ",‘ J¥tnaintaining a head differential on the potential seepage path networks.
The gradient during the 2071 flood was increased, which could have led to higher flows through the

seepage path networks. The unfiltered scepage condition will continue until the breaks in the piping
system are repaired, which means the potential for further erosion remains. Erosion could extend out,

creating voids under other structures.

Review of video from the sump and visual observations indicate groundwater flowing from all five
drains. Drain lines are located below the mat foundation slab. OPPD personnel indicated that the
drain lines were cleaned in 2011.
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Three soil borings (Boring B22, B-24, and B70) were completed within the Turbine Building footprint
as part of the Dames & Moore 1968 report, “Foundation Studies.” Excavation for the Turbine
Building foundation extended to el. 985 ft, so material logged in these three borings from el. 985 to
975 ft is of most importance to the Key Distress Indicator. Boring 24 (B-24) logged fine sand with
clayey silt and silty clay lenses and SPT N-values of 7 and 11; B-22 logged fine sand with some
medium sand and SPT N-values of 11 and 7; and B-70 logged fine sand with some medium sand and
SPT N-values of 26 and 15. The fine sand is susceptible to piping if water velocity is sufficient. The
zones of silty clay and clayey'silt encountered in B- 24 are the materials 8L suscegtlble to piping.

Yy o

cavanion and Gradmg

modlﬁed) usmg the American Association of State Highway and i': hi
test method T-147-54 for the Turbine Generator Mat. Material
elevations below the excavation level of 984 ft likely indicate a zone be
due to the presence of loose material. i

backfill around the drain pipes are available.

g;ae“e E_f’?m piping confirm that
&oid development) is a

T, w
J

This review of the data associated with the?
the Triggering Mechanism Subsurface Fx¢
plausible scenario. .

41.3 Strueture

. Loss of lateral support for pile foundation (due to
. Undermining and settlement of shallow

Se ] . Undermining and settlement of shallow
foundation/slab f '&cr’g P '
¢ Turbine Building n
— CPFM 3b - Subsurface Erosion/Piping. Loss of lateral support for pile foundation (due to
pumping).
e BBREs _
— CPFM 3a - Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping).
e Turbine Building South Switchyard
- CPFM 3a - Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping).
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e Main Underground Cable Bank (Inside and Outside the PA)
— CPFM 3a - Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping).
- CPFM 3c - Subsurface Erosion/Piping. Undermined buried utilities (due to pumping).
» Circulating Water System .
— CPFM 3b - Subsurface Erosion/Piping. Loss of lateral support for pile foundation (due to
pumping).
e Demineralized Water System
— CPFM 3a - Subsurface Erosion/Piping.
foundation/slab (due to pumping).
e Raw Water Piping
— CPFM 3a - Subsurface Erosion/Piping.
foundation/slab (due to pumping).
- CPFM 3¢ - Subsurface Erosion/Piping.
e Fire Protection System Piping
— CPFM 3a - Subsurface Erosion/Piping. .
foundation/slab (due to pumping).
—~ CPFM 3¢ - Subsurface Erosion/Piping.
e Service Building
— CPFM 3a - Subsurface Erosion/Piping.
foundation/slab (due to pumping).
e Maintenance Shop '
— CPFM 3a - Subsurface Erosio
foundation/slab (due to pumpi

i gd:for Key Distress Indicator #1 (increased flow-into the Turbine
Building ’ i ' #iism (Subsurface Erosion/Piping due to pumping).

procedure to ¢ldrilling of selective holes in the Turbine Building basement floor is
proposed. :

Preliminary locations for the proposed drill holes are shown in Figure 4-2. Eight holes were
located in areas of anomalies as identified during Ground Penetrating Radar (GPR) testing and
analysis. Nineteen holes were distributed around the Turbine Building basement perimeter to
further explore for voids and determine their connection with surrounding structures. The
locations shown in Figure 4-2 are preliminary and approximate. A detailed drilling plan will be
developed based on a site examination with the appropriate OPPD personnel to determine
locations that minimize impacts on the structure, underground piping, and equipment.
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Anticipated requirements for the drilling and testing program include the following:

1. Establish concrete thickness during core tests for future reference.
2. Observe water flowing out of drill hole.
3. Determine vertical dimensions of any voids found immediately below the slab.
- 4. Conduct miniature cone or other penetration tests for up to 10 ft below the bottom of the
slab to determine soil density. '
5. Obtain and test soil samples. B,
6.. Insert a borescope through the drill hole if a void is detggte :

Recommended Drilling and Inspection Procedure — fi
using a rebar locator to adjust drilling location as needad:it
conflicts with the drainage system below the floor slab. A
from recent inspections should be used.

S

- locations specified in the detailed drilling plan. The flpor at the drif Jdocations is expe‘%{ed to

from groundwater shall be proposed by the d by OPPD and
HDR staff prior to initiation of the drilling g undation mat

A miniature cone designed to .
material 10 ft beneath the foundafig

i
Rk

msistance. Depths of voids and

miniature cone,.a.
£ R te
and delgipoing ext

Additional forensi@¥fi¥estigations associated with Key Distress Indicators #2 (Pavement failure |
and sinkhole in the iS“aved area between the Intake Structure and Service Building) and #3
(Settled Column in Maintenance Shop) could increase the confidence in the determination of
the significance of the potential for degradation associated with this Triggering Mechanism
(Subsurface Erosion/Piping due to pumping). See Sections 4.2 and 4.3 for details on the
recommendations for additional forensic investigations associated with KDIs #2 and #3,

respectively.
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41.4.2 Recommended Physical Modifications

Repair Drainage Pipes — Repair of the drainage pipes to stop the groundwater flow into the
sump pit from the breaks in the drain piping is critical. This could be accomplished by
repairing the breaks in the existing pipes or by plugging the existing pipes and constructing a
new drain system.-

Treatment of Voids Beneath the Turbine Building Foundatlom If voids are encountered
during the concrete drilling and sub-grade testing program, agrou e gram should be
designed and completed to fill the voids and restore the ipfagt rade. Breaks in the
drainage pipes must be repaired prior to initiation of the#

Depending on the size and extent of the voids, a grout m X
developed in order to maximize the stab1hty and effectivel
grout mix must be designed to allow maximum migration,
into the sandy backfill material. This would reduce seepage”
and w1l] most effectlvely repan' the foundatlon The TOUtir

4o any future Pip

be des1gne§%’

] %ed to include w' 3 ) 'cff ions of the structure and
surroungd: { Lgo »gf the elevation gurveys of the prev10usly identified

33 ce sind surrounding sgite. The purpose is to monitor for signs of structure
i d’" ditions around the structures listed in
1111 be used to increase the confidence in the
uﬁ inspections should be performed weekly for

een inspection intervals of
iG] ‘.immediately to determyn

1) n consisting of concrete floor slab drilling and subgrade testing was
completed in the Turbiné; o ing basement to evaluate subsurface conditions for KDI #1. KDI #1
consists of the increased volume of water pumped from the Turbine Building Sump that has entered
the drain pipes through existing breaks in those pipes. The Triggering Mechanism associated with this
distress indicator is #3 - Subsurface Erosion Piping and the related CPFMs are 3a, 3b, and 3¢, which
are all “due to pumping.” The flow into the broken drain pipes has caused a cone-of-depression in the
groundwater similar to what would have occurred due to the pumping of groundwater from a well (see
Figure 4-4). The resulting flow through the subsurface soils into the broken pipes and then into the
sump resulted in the piping of soil material out from under the floor slab in the basement of the
Turbine Building, and possibly from the subsurface below adjacent Structures. The voids under the
Turbine Building Basement floor slab were first observed in 1997 and remedial actions were taken by
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OPPD to grout the voids, but were unsuccessful in that the entrance of significant amounts of
groundwater into the drainage pipes was not arrested. The purpose of this investigation was to confirm
piping and erosion of foundation materials and to estimate the location and possible extent of the void
or subgrade disturbance beneath the floor slab and to ascertain their significance related to the CPFMs
identified for the Turbine Building itself, and other structures that may be affected by the voids. -

4.1.5.1 Scope of Work

This phase of the forensic investigation of the Turbine Bui
November 11, 2011. A total of 27 floor slab locations wgi
subsequent underlying subgrade evaluation (see Figure§
locations, 1-7, was not drilled due to OPPD Plant Safet§
Turbine Building Basement subgrade and potential pipi
of flow into the sump, GPR surveys performed by Geotech
and subgrade and drainage pipe video investigation by E

sibgrade began on
kidrilling and

tlons) One of the
?“_ igation of the

‘;

presented in Figure 4-3 were located to investig,@
locations. Drill-hole locations 2-1 through 2.
possible near the edges of the foundation slg
zones or voids away from the drainage pipes

Drilling was accomplished by Of
under contract to OPPD usmg B

gé“ each drilled location. Observations were
] -#a"geotechnical engineering and testing firm based
sting was performed by Thiele as a subcontractor to HDR

Direct visa 16ns using a lighted, water-proof bore scope lowered through the open
drill-holes ™
Estimation of ?@gﬁ% to water in each borehole using a T-rod probe
o . Measurement of the floor slab thickness

e Depth to subgrade using a tape measure (to determine thickness of existing voids)
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Subgrade testing consisted of dynamic cone penetrometer tests (DCP) at each drilled location.
Thiele used a Humboldt Model H-4219 Heavy Duty Dual Mass Dynamic Cone Penetrometer to
perform the DCP test in accordance with ASTM D6951/D695 1M, Standard Method for Use of
the Dynamic Cone Penetrometer in Shallow Pavement Applications. The preferred methods of
estimating density of non-cohesive soils is the use of the Standard Penetration Test (SPT) and
the Cone Penetrometer Test (CPT). Employment of the SPT and CPT was not possible in this

- case due to access and space constraints in the Turbine Building basement. The data obtained

from the DCP can be used to identify zones of relatively low dens
the surrounding subgrade as stated in Note 1 of the Standaggs

relevant to developing a comprehensive model of subgraj
material piping.

4.1.5.2 Results

4.1.5.2.1 Drill-hole Results

Visual observations and measurements wer| i

drill-hole are summarized below in Table
i

surface presented graphically in Flgures 445

.* These da ar

OT softness compared to

%“ined at each

e%op of subgrade

Drill- | Floor Slab Initial ‘ Comments
hole Thickness | Depth to i yE Elevatlon
Number (inches) Tested
' (ft.)
980 water at 22.5”
below floor
977 air under pressure
upon penetrating
slab, diminished
within 60 seconds
977 some air under
pressure upon
penetrating slab
977
980
973 pressurized air,
then bubbling water
60 seconds after
drilling
1-7 NA NA NA NA Not drilled
1-8 31.25 32 32 0.75 10 980 GW at depth of
12.5", no voids
2-1 30.25 30.75 30.75 0.5 10 980 water 22" below
floor
2-2 27.75 33 28.75 5.25 10 980
2-3 29.5 36 30.75 6.5 10 980 air under pressure
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Table 4-1 - Turbine Building Basement Subgrade Investigation Observations
Drill- | Floor Slab Initial Depth to Initial DCP DCP Comments
hole Thickness | Depthto | Subgrade | Potential Depth Elevation
Number | (inches) | Subgrade | (inches) at Void Tested Tested
(inches) pcpP Space below (f.)
Testing Depth floor (#t.) :
(inches) {inches)
upon penetrating
slab,odor of fuel,
. water bubbled to
i Surface for up to 60
24 30 37 30.5
2-5 32.25 34.75 3225
2-6 35 38 37
2-7 31.75 335 335
Higased when slab
g trated
2-8 34.5
2-9 3175 water 6" below
floor
) GW 2" below floor
pressurized air,
then water to 10

inches below floor
minutes later

GW extruded onto
floor intermitantly
for 60 sec, then
GW 17.25" below
floor

GW 17.5" below
floor

GW 17.5" below
floor

As indicated by the measurement data above, floor slab thickness at the locations drilled ranged
from 27 to 38 inches. Construction drawings show the floor slab thickness as 31 inches. These
differences from the drawings may be attributed to variations during construction. Upon
penetration of the slab, the hammer drill often punched through the bottom of the slab and
penetrated the subgrade before the drill operator could stop the drill. For this reason, voids
between the bottom of the slab and the subgrade were assumed to have developed if the
difference between the bottom of the slab and the surface of the subgrade was greater than or
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equal to 2Zinches. Void thickness greater than or equal to 2 inches was detected below the floor
slab at 16 drilled locations. Overall, void thickness ranged from 2 to 11 inches. Voids were
measured immediately after the hammer drill was extracted from the drill-hole.

The void space immediately below the slab was also measured by Thiele immediately prior to
DCP testing. In many cases, the void space measured at that time was significantly less than
that measured by HDR immediately following foundation slab drilling. The explanation for
this discrepancy is that the Thiele measurements were taken hou even days after the mmal
drilling occurred, allowing the fine grained silty sand to flowi £

of DCP testing.
4.1.5.2.2 Groundwater Levels "

Groundwater was measured in 11 of the b
to 27.5 inches below the floor eleyasi )

%ong the T-rod probe and
1-6 and 2-15 water flowed from

' er gradient in the vicinity of the Turbine Building and
show groundwater gradient dropping in elevation toward
fie Building near drill locations 1-3, 1-4, and 2-6. This is

consxst nt : f' gmﬁcant void space in this area and with prevxous reports
(Elite Pipe : ntify drainage pipe breaks and high flow rates in this vicinity
The combma' depressed groundwater elevations and evidence of voids is

subjective evidéng
Groundwater contdlirs were generated using MicroStation GeoPak DTM Tools to triangulate
between the groundwater elevation points and develop a groundwater elevation surface. From
this surface the contours were generated from elevations along the triangulation lines in
MicroStation. This function is within standard practices for ground surface and groundwater
surface contouring.
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4.1.5.2.3 DCP Test Results

DCP testing began on November 16, 2011 and was completed on December 2, 2011. Thiele
performed the DCP with a 10.1 pound hammer recording blow counts for every 2 inches of
cone penetration, or as close to each 2 inch penetration interval as possible. The data and
related calculated bearing capacity in pounds per square foot (psf) and pounds per square inch
(psi) is presented in Attachment 6 - DCP Field Test Data.

The DCP test is useful in indentifying zones that are soft or looseif
relative to the surrounding fill as noted in ASTM D6951/ %
drove with the weight of the hammer without a drop Ofl
and/or with only one blow is considered a very loose zo
sand. In addition, any zone that drove more than 2 mchesq-'{
and likely altered by some process of material loss but is st 001
test of fill in the vicinity of the Turbine Building during consfriét
percent compaction and N values of in situ soil under the Tarbine ‘
preconstruction borings yielded SPT N values of no wer than 2 bleW§ fer foot and commonly
4 to ll blows per foot in the upper soil zone, ng}_ ;00 cases of Wil 'E-‘? f rod material in
1) (i%ﬁnec orfelation of DCRARS " tests but it

i %oft material that does not
7Ges do not include the

A number of zero blow couh : %d usmg the DCP. Twenty-one

2-8 (6. ’DCP215(389ft) DCP 1-4(3.08 ft.), DCP 2-4
\ “"-.P 15 (0:988); and DCP 2-1 (0.71 f1.). Figure 4-7, Top of
on Dynar#uc Cone Penetrometer Tests, provides the drill-
"top of competent (greater than 1 blow per 2 inches) subgrade
oids were identified that exist at some depth within the

voids range in thickness from 0.15 to 6.54 feet. A summary of the voids encountered during
the DCP investigation is presented in Table 4-2.

—

157
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Table 4-2 - Turbine Building Basement Subgrade Investigation DCP Results
Drill- Depth to | Depth to | Elevation | Elevation Zero blow Depth to Depth to
hole top of Bottom Top of Bottom of count /soft top of Bottom of
Number Void of Void Void (ft.) Void (ft.) zone Void from | Void from
from from Thickness (ft.) | Floor (ft.) | Floor (ft.)
TOS (ft.) | TOS (ft.) : .
1-1 0.00 0.20 987.42 987.22 020 . 2.58 2.78
1-3 0.00 0.10 987.06 986.96 010 Z%d 294 3.04
1-4 0.00 " 3.08 986.58 983.50 N W 6.50
1-5 0.00 0.78 987.19 986.40 et 3.60
1-6 6.58 10.38 980.33 976.54 Bee 13.46
2-1 0.00 0.72 987.44 986.72 2361 3.28
2-2 2.54 3.00 985.06 984.60 4.94 gy,
2-3 0.00 0.81 987.44 986.63 2.56
2-3 3.35 3.70 984.09 983.74 5.91
2-4 0.00 1.07 987,46 986.39 ] 12,54
2-5 0.00 - 0.33 987.31 986982kt ang 33 e
2-6 10,00 "0.35 © 986.92 98 Pl k|
2-6 132 1.50 985.60 it 4.
2-6 2.64 8.63 984.28 g 5.73
2-7 1.64 1.82 .. 4,43
2-7 2.96 3.18 5.75
2-8 0.00 6.54 2.83
2-8 7.07 7.51 9.90
15.09
428 -
2.73
3.55
527
2.56
9.85
; 16.06
2-15° 2,73
2-15 9.72
2-16 2.90
2-17 3.91
2-19 2.33
2-19 4.95

TOS-Top of SJbgrade
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4,1.5.3 Discussion/Conclusions

The Turbine Building basement floor drilling and subgrade testing identified both a number of

significant voids/soft spots as well as zones of competent soil. Table 4-2 provides the drill-hole
number (see Figure 4-3 for drill-hole locations), depth to void and thickness of soft zone (per

DCP). The lateral extent and interconnectedness of identified voids can only be inferred from
the available data.- However, some zones such as the voids encountered in DCP 2-6, DCP 14,
.DCP 1-5 and DCP 2-8 are both significant enough and close enough,in lateral distance that we
conclude that these voids are part of a connected void syste; Shesoding
where both the 10-inch and 6-inch drain lines run adjac
bends where joints may be more susceptible to crackin'

e The Triggering Mechanism of subsurface plpmg of soﬂ"‘
and seepage/ﬂow into the dramage system plpe

n and without a quantitative analysis we find that the loss of
e collected data under the Turbine Building, over the limited

present in statigy iyt
out CPFM 3b fo i giurbine Buxldmg It should be noted that the subsurface eroswn piping
Triggering Mechan®m is ongoing and that lateral pile support could be compromised in the
future if void thickness and extent continues to increase. Seismic considerations have not been
assessed for this report and we do not make any conclusion with respect to the effect of voids
on lateral pile support during seismic loading.

The data from the Turbine Building sub-slab investigations cannot be used to rule out

CPFM 3b for other pile-supported structures in the vicinity of the Turbine Building, including:
Containment Building, Auxiliary Building, Service Building, Circulating Water System,
Turbine Building South Switchyard, and the Fuel Oil Storage Tanks and Piping.
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Two other CPFMs associated with KDI #1 and Triggering Mechanism #3 have not been ruled
out by the Turbine Building sub-slab investigations and have the potential to continue to affect
structures other than the Turbine Building. They are:

CPFM 3a — Undermining and settlement of shallow foundation/slab/surfaces (due to

pumping)
CPFM 3¢ — Undermined buried utilities (due to- pumpmg)

Structures potentially affected include: Technical Support (s ter
Water Line, Security BBRE’s, Maintenance Shop, Undegfiiid Ca
Disposal Piping, Main Underground Cable Bank, Blairj]

System Turbme Building South Sw1tchyard Fuel Oil B

tion System, Raw
aCh (Trenwa), Waste
neralized Water

Turbine Building foundation and under the S
collected data showing that voids were founds

in system piping remains
ng flow paths will continue

Building basement and perhaps
unrepaired. Voids, soft zong, S?L aa
to enlarge and extend out froﬁa
water intQ Lh&- System is §t

X

‘._ ’ w:as«mled Out a‘ l!

itfon points into the sump. An alternative to the repair of the
it o abandon the existing system entirely, and replace it with an
above-structural=Hogrsslab system. One option to implement this alternative would be to
construct a new system that is entirely above basement floor that would utilize pump(s) to
remove water from the existing floor drains and the turbine drains. Another option would be to
trench cut the 7 inch concrete topping on the structural slab to allow space for installation of
new drain pipes. Both these options would facilitate monitoring and access to the system
should repairs be necessary.

system p1 p )
existing drairig

In addition to drainage system repair, we recommend the voids created by the subsurface
erosion/piping caused by the groundwater flow through the broken drainage system pipes be
grouted to reestablish the foundation subgrade integrity. This program is for the purpose of
preventing further subgrade deterioration that could potentially affect pile lateral support over
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time and extend beyond the Turbine Building over time. Since the extent of the voids cannot
be defined beyond the perimeter of the Turbine Building, we further recommend that the
volume of the material it takes to fill the voids be measured to provide a proof of the extent of
the voids. -

The repair/replacement of the drainage system and filling of the voids to return the foundation
soils and subgrade to pre-pipe break condition will allow us to rule out CPFMs 3a, 3b, and 3¢
for the Structures listed in Section 4.1.3 above. To fill the voids afid determme the volume of
the voids/zero blow count zones a grouting program shouldﬁ%:b 1

Jfr

The grouting program design should include:

e Specifications for a grout mix that has the proper rhéd)
ensure a balanced, stable mix that will maximize penet
o If pipes ar¢ abandoned, a monitoring program to estabjis:
the drain pipe and sump operation should be developed
characterize conditions that must be addressed dun groutmg

provide long term support for the piles,
e Identification of the grout pressure(s) ne
into voids, and soft zones within the sy
Identification of the maxnmum : Quu ¢

As mentioned prevnously, we recommend that OPPD consider abandoning the existing dramage
pipes that are in place below the Turbine Building basement floor slab. Attempting to grout the
voids after the existing drainage pipes have been repaired will likely damage or even crush the
pipes and complicate the grouting process to the detriment of the-overall remediation.

In conclusion, this specialized type of grouting operation is necessary both to properly treat the
subsurface voids and soft zones and to provide verification/documentation that the program
was a success. We recommend the selection of a specialty grouting contractor experienced in
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performing this type of work. Pre-bid selection criteria should be developed and potential
bidders should be pre-qualified based on the selection criteria.

At the time of the writing of this report, it was not certain that a grouting contractor could be
found that could implement a program that would yield the data necessary to rule out the
remaining CPFMs described above. Discussions with specialty grouting contractors will be
'scheduled as soon as possible in the future to ascertain if they have the capability to provide the
data necessary to rule out the remaining CPFMs. £

42 Pavement Failure and Sinkhole in Paved Access A. : SRR Structure and
Servnce Building

Key Distress Indicator #2 is the fallure of paving and developm
paving a few feet west of the Condensate Storage Tank. This road
paved surface that wraps around the northeast, east, and southeast

n Y : _-
Miver on e}
AR I

'om the S HTIVE %1

' Water seepage at BB -2, MH-5, Intake Structure, and Security Building

4.2.2 Triggering Mechanisms

Seven possible Triggering Mechanisms that might be the root cause of this Key Distress Indrcator are
as follows:

e Subsurface egosion and piping (dﬁe to pumping)
e Subsurface erosion and piping (due to rapid river drawdown)
e Rapid river drawdown, river bank slope failure/spreading
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Soil collapse

Frost effects

Hydrostatic lateral loading
Buoyancy

4.2.2.1 Subsurface Erosion and Piping (Due to Pumping)

Multiple connected seepage paths have the potentlal to exist in thsml backﬁll at the site. The

Dams were operated for an extended period, mamtammg
seepage path networks. Gradient may have been sufﬁment

Unfiltered seepage into the Turbine Building sump continués, so't
contmue untll that seepage is stopped The potentla

pipe operatmg under pressure.
4.2.2.2 Subsurface Erosion;

This Triggering Mechamsm‘
Instead of

1 ng slope failure. If the soil’s shear strength is exceeded, the
f least resistance. Generally slope failures associated with rapid

e (first time wetting)

The Triggering Mechanism of soil collapse due to first time wetting occurs when loose soil
(spoils with high void ratios and corresponding low dry densities) is saturated for the first time.
Saturation of the soils lubricates the soil particles and increases the pore pressure in the soil,

An Aqua Dam is an engineered water barrier used to contain, divert, and control the flow of water. It
consists of two polyethylene liners contained by a single woven geo-tech outer tube. When the two inner
tubes are filled with water, the resulting pressure and mass create a stable, non-rolling wall of water
(Layfield Environmental Systems, 2008).
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e Security BBREs

loosening the bond between the soil particles. This allows the soil particles to shift into a more
compact alignment as the pore water pressure dissipates. The result is a decrease in the soil’s
void ratio and an increase in dry density. This change in volume is observed as settlement at
the ground surface.

4.2.2.5 Frost Effects

The Tnggermg Mechamsm of Frost Effects occurs as soil freezes B ost effects occur as both

penetrate more deeply. Frost penetration and uphft occuﬁ% it
void spaces freezes and expands. Frost heave occurs aghice:
capillary water movement. The change in volume as th‘
form, causes heave at the ground surface.

4.2.2.6 Hydrostatic Lateral Loading

additional lateral pressure on structures.
4.2.2.7 Buoyancy

The Triggering Mechanism of Buoyancy
elevation. Uplift forces occur whenqthe w ‘*gh

foundation/s
CPFM 12a andi]

id Drawdown. River bank slope failure/lateral spreading.

CPFM 3a — Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping).

CPFM 3d - Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to river drawdown).

CPFM 12a and 12b — Rapid Drawdown. River Bank slope failure/lateral spreading.
CPFM14a - Frost Effects.
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Turbine Building South Switchyard
— CPFM 3a — Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping).

- — CPFM 3b - Subsurface Erosion/Piping. Loss of lateral support for pile foundation (due to

. pumping).
— CPFM 3c — Subsurface Erosion/Piping. Undermined buried utilities (due to pumpmg)
Condensate Storage Tank
— CPFM 3c - Subsurface Erosion/Piping. Undermined buried utllltxes (due to,pumping).
— CPFM 3f - Subsurface Erosion/Piping. Undermined burigd tllltle *‘%ﬁver drawdown).
— CPFM 12a and 12b — Rapid Drawdown. River bank slopeaailt it
Underground Cable Trench (TRENWA)
— CPFM 3a — Subsurface Erosion/Piping. Undermining a;

foundation/slab (due to pumpmg)

- CPFM 3d — Subsurface Erosmn/Plplng Undermmlng and‘y-tt
foundation/slab (due to river drawdown).
— CPFM 3f — Subsurface Erosion/Piping. Undermmedﬁbuned utilities
— CPFM l4a - Frost Effects.
Circulating Water System :
— CPFM 3b - Subsurface Erosion/Piping. Lﬁ

pumping). .

Demineralized Water System
— CPFM 3c — Subsurface Erosi ‘g
— CPFM 3f — Subsurface Ero
Raw Water P1 i

‘buried l;lgh fies (due to pumping).
uried\i lities (due to river drawdown).

5

Piping. Undermined buried utilities (due to pumping).
Piping. Undermining and settlement of shallow
ver drawdown)

Frosion/Piping. Undermined buried utilities (due to river drawdown). .

foundation/sla)
— CPFM 3f— Subs r

-~ CPFM 3a ~ Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping).

— CPFM 3c — Subsurface Erosion/Piping. Undermined buried utilities (due to pumping).

— CPFM 3d - Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to river drawdown).

— PFM 3f - Subsurface Erosion/Piping. Undermined buried utilities (due to river drawdown).

— CPFM 12a and 12b — Rapid Drawdown. River bank slope failure/lateral spreading.
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e Fuel Oil Storage Tanks and Piping

— CPFM 3a - Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping).

— CPFM 3b — Subsurface Erosion/Piping. Loss of lateral support for pile foundation (due to
pumping).

— CPFM 3c — Subsurface Erosion/Piping. Undermined buried utilities (due to pumping).

— CPFM 3d - Subsurface Eros1on/P1p1ng Undermining and settlement of shallow
foundation/slab (due to river drawdown). :

— CPFM 3f - Subsurface Erosion/Piping. Undermined burled«utllltles di

— CPFM 4c — Hydrostatic Lateral Loading (water loadlng o%tructures)*

— CPFM 4d - Hydrostatic Lateral Loading (water loadmgi*@n ‘tructure e

— CPFM 4¢ — Hydrostatic Lateral Loading (water loadmgxon St

— CPFM 6a - Buoyancy, Uplift Forces on Structures. Fail't

— CPFM 6b - Buoyancy, Uplift Forces on Structures. Crackeg

— CPFM 6c¢ — Buoyancy, Uplift Forces on Structures. Dlspia_ ‘s it

- CPF M 12aand 12b - Rapld Drawdown Rlver bank slope fallurel

he t@@mwer drawdown).
11 failure in flexure.
Mizfailure in shear.

to river drawdown).
es) Wall failure in flexure.
tures). Wall failure in shear.
ding (water loadl_ng_(;)' StEu tures) Excess deflection.

n Structures. Cracked s slabs, loss of structural support.
Structures Displaced structure/broken connections.
River bank slope failure/lateral spreading.

- CPFM 4c Hydrostatic Lateral E_.
— CPFM 4d - Hydrostatic Lat; ral.foadi
CPFM 4e Hydrostatlc Later:

. Undermining and settlement of shallow

W

ping. Undermined buried utilities (due to pumping).
ping. Undermining and settlement of shallow
. Undermining and settlement of shallow

p1d Drawdown. River bank slope failure/lateral spreading.
7 2 Structure)
— CPFM 3a - Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping).
e Maintenance Shop (Priority 2 Structure)
~ CPFM 3a — Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping).

CPFM 12a and4:
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424 Assessment Methods and Procedures

Assessments were made by walking the Paved Access Area and observing surface features of the
system (manholes) and the ground surface. The surface assessment included using a 4-fi-long, 0.5-in.-
diameter, steel-tipped fiberglass T-handle soil probe to hand probe the adjacent ground surface along
the utility alignments and areas to determine relative soil strength. The assessment focused on
identifying conditions indicative of potential flood-related 1mpacts on or damage to the utility as
follows:

encasement pipes)
Damage to at-grade or above-grade system features
Variance from normal installation conditions including settled% ted:
and equipment

e Operation of the system and appurtenant equlpment (e

Geotechnical 1nvest1gat10ns 1nc]u ding
ests. Note ﬁ?é
. .

Review of GP ic refraction surveys indicates zones of relatively lower density
material.. In additi _dfbp weight deflectometer tests reveal additional potentially degraded
zones. A plan and profile view of the Paved Access Area should be developed showing the
suspected zones of lower density material. These zones should be geo-referenced so that they
can be located and marked on the ground surface.

Selected sections of pavement will be removed from the paved access area between the Intake
Structure and Service Building. All lower density zones identified within 5 ft of the ground
surface by the aforementioned assessment methods should be investigated with test pits. Test
pits should be carefully excavated with a backhoe or hand excavation to the extent possible in
order to prevent damage to any existing utilities. Soil samples should be collected and tested to
establish material characteristics such as Atterberg Limits, particle gradation, and moisture-
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density relationships. The bottom of each trench should be probed with a rod to establish the
general limit of the soft material.

Excavation to greater depths could be considered if OPPD and HDR are confident that no
potential damage to any utilities exists.

All excavated trenches will be backfilled according to existing pavement subgrade
specifications.

subgrade repair.

4.2.5.2 Physical Modifications

pavement should be installed. The extent of 5
access area between the Intake Structure angd e-

_ w’=-f5fement slabs, structures, and
s the continuation of the elevation surveys of the
and surrounding site. The purpose is to monitor

1gns of structure distr
d in Section 4.2.3.

Forensic investigation to address KDI #2 consisted of field observation and testing of subsurface soils
exposed through excavation of trenches and removal of concrete pavement at selected locations, test
borings and field and laboratory tests, and evaluation of inclinometer and survey monitoring data.

KDI #2 consists of a number individual distress indicators observed within the PAA including softened
subgrade, pavement settlement, a void beneath the pavement in one location, water hydrant failure, and
water seepage at BBRE-F2, MH 5, and the Intake Structure and Security Building.
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Possible Triggering Mechanisms identified for KDI #2 include:

e Subsurface erosion and piping (due to pumping)
e Subsurface erosion and piping (due to rapid river drawdown)

These Triggering Mechanisms and related Structures/CPFMs are discussed in detail in Sections 4.2.2
and 4.2.3. Conclusions related to these are discussed below in Section 4.2.6.3.

The purpose of this investigation was to determine the presence an exten i3 g&potemtlal voids and soft
zones in the subsurface, lateral or vertical movement in the subsurfack ar?ﬂ"ewgtl M\?\/hlch of the
Triggering Mechanisms and associated CPFMs identified for
for the observed distresses.

4.2.6.1 Scope of Work

Trench excavations and concrete removals and associated ficld G
Standard Penetration Test (SPT) borings and field tests and incling
monitoring were performed between August 20 aya

described below.

November 28 through Decembe;
excavatlon floor soils tested m t'

nmonly referred to as a foundation probe) where the probe was
rface by hand to qualitatively evaluate relative consistency/firmness
.8oft areas.

and depth of detect\
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w INTAKE STRUCTURE
UTILITY LEGEND
RAW WATER LD ASSIGNED
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In-situ field tests on exposed trench floor soil and pavement subgrade consisted of static cone
penetrometer (SCP) tests. Thiele used a Humboldt Model H-4210A Portable Static Cone
Penetrometer to perform the SCP tests. This device consists of a direct-read penetrometer that
measures the amount of penetration resistance as the device is pushed into soil materials. The
cone penetrometer was advanced into the soil by hand in continuous six-inch vertical intervals
until refusal or the maximum vertical reach of the device (3.0 feet) was reached, whichever
occurred first. Resistance readings were observed and recorded for each 6-inch interval.
Measurements of the depth into the subgrade at each location test¢diwere made using gradation
markings on the cone penetrometer shaft.

long. Trench TE- 2 measured about 2 feet
during excavation of Trench T-2 at the not
below ex1stmg ground surface at Wthh tn%

ensate Stofag I,%k This area Was'mvest1gated to address a subgrade
: wywgut one‘%@_ ss) of broken concrete at the expansion joint
; oncrete removal and exposed subgrade testing

easured about 12 feet by
CP tests were completed

north to south fo' t-60 feet, with the southern roughly 47 feet (of the 60 feet - 6 pavement
panels) measuring about 26 feet east to west and the northern roughly 13 feet (of the 60 feet -
one pavement panel) measuring about 14.5 feet east to west (roughly 1,410 square feet or 156
square yards). A total of 112 SCP tests were completed in the subgrade at the South Panels
Area. Prior to testing, the subgrade exposed in the northeastern-most portion of the South
Panels Area (not part of the originally planned investigation but where concrete was removed at
OPPD’s direction) was covered by a stockpile of RCC fill and was not SCP tested.

The Panel 16 Area included removal of one concrete pavement panel (field marked by OPPD
as Panel 16) located in the central portion of PAA main corridor west of the rollup door to the
Intake Structure. This area was investigated to address possible piping and voids below the



Page 4-33
Key Distress Indicators Rev. 2

- concrete pavement and/or near-surface utilities and structures. The area of exposed subgrade
and testing measured about 4.5 feet north to south and 12 feet east to west (roughly 54 square
feet or 6 square yards). A total of 6 SCP tests were completed in the subgrade at the Panel 16
Area.

The North Panels Area included removal of 7 complete panels and one diagonally cut half-
panel and was located along the east side of the PAA main corridor beginning just northwest of
. the northwest corner of the Intake Structure and included 3 of the 4 banels originally planned
for removal and subgrade investigation, plus 4.5 additional panelsg; rrioveddt the direction of
OPPD. The southeastern-most pavement panel of the ori@inally pm@ﬁ%’;tlgauon area
panels was not removed at the request of OPPD as it wasgnrvery goodic %ﬁ)n and to avoid
GuUIr] ﬁrmhydrant This

for about 89 feet, with the northern-most 15 feet 1nc1ud1ngu£1§d1ag@'nal cut at the norfhb 13 -‘%Sé@er
and pan-handle feature extending about 12 to 13 feet to the’ West i ' \ \Grth

Panels Area was roughly 1,322 square feet (147 square, ards) and i ed about 466 square
feet (52 square yards) of originally planned mvestlga eieet (95 square
yards) of additional area exposed at the directi;

completed in the subgrade of the oniginally, 3ts completed

in the additional exposed subgrade. A rel - e & uency was performed in
the addmonal area due to time constramts _ mgrd ..for full-frequency

‘ort dated October 24, 201 l and is presented in

oL

ethod involves generating compressional seismic waves.
gan impact source. The seismic waves travel from the

differences in el-ap*

me from the source to each geophone. The resulting profile is a
representation of p=y

ve velocities of the soil and bedrock directly beneath the survey line.

Refraction Microtremor (ReMi). The ReMi method is used to develop shear wave velocity
profiles. ReMi surveys are conducted by passively recording background surface waves
(microtremors) that are generated by passing vehicles, equipment, airplanes, etc. The surface
seismic energy produced by the noise sources travels across the ground surface and is received
by geophones placed in a linear array. The seismic energy detected at the geophones is
recorded using a seismograph and is transformed into a phase velocity spectrum for analysis.
Shear wave velocity profiles are constructed by analyzing surface wave phase velocities and
frequencies, and performing inversion modeling.
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3.4 Seismic Results. The seismic data were interpreted by comparing the velocity profiles to
nearby Borings B-4, B-7, -8, and -9, which were used to establish the types of geologic
materials corresponding to the profiled velocities. The stratigraphy at the site is generally
comprised of approximately 70 feet of alluvial deposits over limestone bedrock. Weathered
shale bedrock was observed in a boring immediately north of the subject survey area. The
alluvial deposits are comprised of alternating layers of loose and dense silty sand to sand with
silt and occasional layers of clay up to 14 feet thick. Sand and clay each exhibit a wide range
of velocities depending on a number of physical parameters such _,'jglbglsture content, porosity,
sortmg, and partlcle packmg Based on thc seismic refraction. da &_’ Iluvmm&at the subject site
3t ;@i@ 3220 feet of material
and i mcreasmg with depth to approximately 5,000 ft/s near :3 \ .é‘”‘ ro¢ % Published P-

approximately 3,500 and 8,200 ft/s. Top of bedrock was”'g n
the 5,000 foot/second (ft/s) contour on the refraction data a
Top of bedrock undulated across the site. The shallowes

which material is softer and/
compared 170}

ese velocity Scﬁntcuns*arc gradational and illustrate

s. These values do not necessarlly represent the actual

}arst features such as voi
"mts/fractures

f e .
e voids, if suffi¢ er]ymg cohesive material is prcscnt for bridging.”

SPT borings were used to ground-truth the findings of the GTI Seismic Investigation as
described in the following paragraphs.
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4.2.6.1.2 SPT Borings

Thiele completed six SPT borings (identified as Borings B-10 through B-15, inclusive)
November 9 through 17, 2011. The location of the SPT borings and their relationship to the
GTI Seismic investigation lines is presented in Figure 4-10. These 6 borings were drilled to
ground-truth subsurface anomalies identified as “low velocity features™ in the GTI Report One
of the SPT borings, B-10, was intended to be a baseline boring and was drilled in an area that
did not evidence low veloc1ty features. The other 5 bonngs were dlﬂled at locatlons of

these 6 borings, 3 were completed in the PAA (Borings; BRD
and test results from Borings B-12, B-13, and B-14 wer,

The borings were continuously sampled from 10 feet belo
maximum depth investigated. The upper-most 10 feet of<<
* excavated to clear possible underground utilities. Continuots sp
1586-08a) were performed and soil samples collecte

were collected, laboratory dry density test r
were advanced to auger refusal and termina

underlying the site.

A summary of the test borings ar}gl:s" 3

ing of inclinometers (installed into bedrock for this
ovember, 2011 and will run through late January, 2012. A

to evaluate movement in the PAA possibly related to KDI #2.
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GTI Siesmic Investigation Lines and SPT Boring

DATE

s a3 G " Dec 2011

ERRSIER | Looaion:

L ] aul-gnl <1 Fort Calhoun Station FIOURE

Omaha Public Power District . L m 4-10
Paved Access Area Field Investigation Program
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4.2.6.1.4 Survey Monitoring

LRA provided weekly survey monitoring under contract to OPPD from late August through
late December, 2011. 264 survey points associated with 40 structures and site features across
the FCS are included in this weekly monitoring. Of these, 49 survey points associated with 9
structures/site features were reviewed for this KDI #2 forensic investigation to evaluate
movement in the PAA Structures. These Structures included the Auxiliary Building, BBRE-
F2 Condensate Storage Tank, Intake Structure Maintenance Shop3 Securlty Building, Service

and inclinometer and survey monitoring results are summar g|
-and LRA survey monitoring results are included in Attachit

4.2.6.2.1 Excavation and Subgrade Testing

fill soils were generally encountered in the pger 3 feet; , 5
Occaswnally, soft to medium stlfgsoﬂs WELEK

13 and B-14 in'th p‘er 10 to 20 feet these soils were logged as fill and documented as such
in various historical "geotechnical reports and as-built drawings provided by OPPD.

No voids or very soft/very loose conditions that might be indicative of piping or related
material loss or movement were identified through drilling and continuous sampling of the test
borings. N-values (uncorrected) indicated that the encountered alluvium ranges from loose to
medium dense and that soil conditions were similar between anomalous zones (low velocity
features reported by GTI) and non-anomalous zones. The reported low velocity zones are
attributed to the inherent variability in the relative density of the granular alluvium that
underlies the site. SPT results were compared to similar data from numerous other
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geotechnical investigations that have been conducted on the FCS site in previous years and for
this assessment at other locations across the site. This comparison did not identify apparent
differences from soils encountered at other on-site test boring locations nor did it identify
changes in soil relative density following the 2011 flood.

4.2.6.2.3 Inclinometer Monitoring

Data from inclinometers to date, compared to the original baseling’m
exceeded the accuracy range of the inclinometers. Therefore, defo
locations since the installation of the inclinometers has neftoccurre

'4.2.6.2.4 Survey Monitoring
Survey data points to date (in the PAA) compared to the 61*11 indlibaseline surve

exceeded the accuracy range of the surveying equipment. {gi g%lg te, deformation‘at the
monitored locations, since the survey baseline was shot, ha‘i‘s%ot‘ﬁ’é.; ed.

4.2.6.3 Discussion and Conclusions

%, ¢
Forensic investigation as described above vgﬁs - where observed pay tress
ur nd strucw{%%es and utilities,
dtcaturesi@locations where potential for
S o

(GPFMs assoquafed with KDI #2 was

and where recent seismic surveys identiﬁeﬁé (
degradation related to the Triggergggsel\gec Nanisms a
identified). N :

Excavation and subgrade tesfi
.exposed subgradeindicated that stiff to very stiff soils

Sper 3 feet below ground surface or pavement. Based
resitlts obtained, the fill soils in the locations exposed and
soils thnﬁﬁx Temot susceptible to piping erosion. SPT borings did
Very loosei¢ nditions that might indicate piping or related

3 éompact,\é’%
dentify voids or very
S . X

naterial loss nor did they ide

Based on the observations and test results, the individual distress indicators that comprise KDI
#2 are not attributed to the possible Triggering Mechanisms identified for KDI #2: Subsurface
Erosion and Piping (due to pumping); and, Subsurface Erosion and Piping (due to rapid river
drawdown).

Our investigation for KDI #2 also indicates that the Triggering Mechanism of Subsurface
Erosion and Piping (due to rapid river drawdown) was not initiated by the 2011 flood and that
the CPFMs related to this Triggering Mechanism, including CPFM 3d, 3e, and 3f, are not
credible.
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However, the Triggering Mechanism of Subsurface Erosion and Piping (due to pumping) and
the CPFMs related to this Triggering Mechanism, including CPFM 3a, 3b, and 3¢ cannot be
ruled out for all structures associated with the PAA. Even though this Triggering Mechanism
does not appear to have caused the distresses observed in the PAA, their root cause (damaged
Turbine Building sub-floor drain pipes and sump pumping) as identified by investigations in
the Turbine Building basement continues. A number of other Priority 1 and Priority 2
structures have been assigned CPFMs that are related to this remaining credible Triggering
Mechanism and its related CPFMS These other structures differ KDI #2 and the PAA in

observations or ongoing survey monitoring.
Priority 1 Structures in this category include:

Security BBREs
Turbine Building South Switchyard
Condensate Storage Tank

Underground (TRENWA) Cable Trench
Circulation Water System
Demineralized Water System (lme)
Raw Water Piping

Fire Protection System Piping
Waste Disposal Piping

Main Underground Cabig
Blair Water System
River Bank

e
3.
Q

B epotentlal for 1mpact to the;

j‘ve Priority 1 and Priority 2 Structures from the Triggering
Mieeianism of Subsurface Eros /i

Jand Piping (due to pumping) exists and the CPFMs related

However, it can be concluded that the Subsurface Erosion/Piping Triggering Mechanism (due
to pumping) most-likely did not extend outside the perimeter of the Seismic investigation lines
taken around the power block. This conclusion supports the ruling out of the Subsurface
Erosion/Piping (due to pumping) CPFMs associated with this Triggering Mechanism for the
following Structures:

e Security Building
e Intake Structure
e River Bank
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4.2.6.4 Recommendations

The results of this KDI #2 forensic investigation have ruled out potential Triggering
Mechanisms and associated CPFMs that could have been the cause of the observed distress.
However, it could not be used to entirely rule out CPFMs associated with KDI #1, which is
associated with the uncontrolled drainage of the groundwater into the broken Turbine Building
basement drainage system piping. These CPFMs will only be ruled out when the physical
modifications presented for KDI #1, as presented in Section 4.1 of: hlS Assessment Report, are
implemented.

4.3  Column Settlement in Maintenance Shop

the Turbine Building. OPPD staff has indicated that the column h%(;l’r be tisettling prio
Flood, and that the settlement had increased durmg the flood. As OF Octo i, 2011, the cglu

4.3.1 Physical Observations

A number of physical observations made during t
Key Distress Indicator:

e Significant settlement of a building ¢

o Significant settlement of floor siab" :
e Cracking of masonry partition walls

period, mamtammg ead differential on any potential seepage path networks. Gradient mi ight
have been sufficient o begin erosion of surrounding soil.

Unfiltered seepage into the Turbine Building sump continues, so the erosion has the potential to
continue until that seepage is stopped. The potential subsurface erosion/piping caused by the
Turbine Building sump pumping could extend underneath the Maintenance Shop.
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4.3.3 Structures and CPFMs Associated with Tnggenng{ '

The Triggering Mechanisms outlined could apply to the follow

Security Building

Security BBREs

Turbine Bulldmg South Sw1tchyard

4.3.2.2 Soil Collapse (first time wetting)

The most recent flood elevation prior to the 2011 flood was 1003.3 ft, which occurred in 1993.
The maximum flood elevation in 2011 was approximately 1006.9 ft. The foundation of the
maintenance shop has footings at el. 1000.5 ft and subgrade below the flooring slab of
approximately el. 1006 ft. Therefore, it is possible that up to 3 ft of soil were saturated for the
first time as a result of the 2011 flood. This alone could not cause settlement of the foundation
footings due to first time wetting because the footing elevation of £000.5 ft had likely
experienced first time wetting in 1993.

CPFM 3a — Subsurface Erosion/Piping. Undermmmg and'seitle
foundation/slab (due to pumping).

CPFM 3a — Subsurface Erosion/Piping. Und
foundation/slab (due to pumping).

£ 4 )
ined:buried utilities (due to pumping).
ikl :
ng). C{%cﬁfd slab, differential settlement

o

ted: strgyct’ure/broken connections; and

CPFM 7a through 7¢ — Soil
of shallow foundation, loss‘of
general site settlem%nt

. Und r?‘mmng and settlement of shallow

“\’;/
. Undermined buried utilities (due to pumping).

"M 3¢ — Subsurface Erosio
l1zed Water System

. Undermined buried utilities (due to pumping).

. Undermining and settlement of shallow

foundatlon/s :
CPFM 3¢ - Su

c.é,; tosion/Piping. Undermined buried utilities (due to pumping).

Fire Protection Systen iping

CPFM 3a — Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping).
CPFM 3c — Subsurface Erosion/Piping. Undermined buried utilities (due to pumping).

Waste Disposal Piping

CPFM 3a — Subsurface Erosion/Piping. Undermining and settlement of shallow
foundation/slab (due to pumping). .
CPFM 3¢ — Subsurface Erosion/Piping. Undermined buried utilities (due to pumping).
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4.3.4 Assessment Methods and Procedures

Maintenance Shop drawing

subsurface survey using GPR was pe_
report is titled “Grot

north side of the- prop d stru
Elevations of the borings w

Fuel Oil Storage Tanks and Piping

— CPFM 3a - Subsurface Erosion/Piping.
foundation/slab (due to pumping).

— CPFM 3c — Subsurface Erosion/Piping.

Undermining and settlement of shallow

Undermined buried utilities (due to pumping).

Main Underground Cable Bank, Auxiliary Building to Intake Structure
Undermining and settlement of shallow

~ CPFM 3a — Subsurface Erosion/Piping.

foundation/slab (due to pumping).

— CPFM 3c — Subsurface Erosion/Piping.

Blair Water System

— CPFM 3a - Subsurface Erosion/Piping.

foundation/slab (due to pumping).

— CPFM 3c - Subsurface Erosion/Piping.

Camera Towers and High Mast Lighting

— CPFM 3a - Subsurface Erosion/Piping.

foundation/slab (due to pumping).
Service Building

— CPFM 3a — Subsurface Erosion/Piping.

foundation/slab (due to pumping).

ot recorded.

sess soil conditions. The borings recorded 7 to 9.5 ft of fill
uth side of the proposed structure area and fine sand on the
«area. SPT N-values of the fill material range from 9 to 20.

dicate that the floor elevation is 1007.5 ft, and the elevatioﬁ of fhe

bottom of the foundation footings is 1000.5 ft. Therefore, based on the depth of fill material below
existing grade established in the previously mentioned report, the foundation footings are placed on fill
material.
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4.3.6 Recommended Actions
The following actions are recommended for this Key Distress Indicator/Triggering Mechanism:
4.3.6.1 Detailed Forensic Investigations

Review of GPR and seismic refraction surveys reveals voids or zones of relatively
lower-density material. One-in.-diameter borings through the flogi;slab should be drilled at the
locatlons where GPR surveys were conducted A mm1ature gone de gned toﬁrecord tip

floor slab in order to record tip resistance. Depths of veid
determined and documented. In addition to the use of .minj
scope with lighting should be available to investigate fu
voids encountered.

dlscuss the necess1ty and location for add1 al drilli :  further défine the extent of
: : ' r.to beginning any

ete, an engineered design for foundation restoration
include foundation jacking and underpinning.
und improvement can ! i
the subsurface soils.

remediation o ance Shop foundation and structure.

The results of this ménitoring would be used to increase the confidence in the assessment
results. Elevation surveys and visual inspections should be performed weekly until remediation
is complete. Once remediation is complete, specific survey monitoring points should be
installed in the remediated area of the Maintenance Shop. These points should be monitored
weekly for 2 months after remediation, then once every 3 months for a period of 1 year in order
to assess the overall effectiveness of the repair.
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4.3.7 KDI #3 Forensic investigation

Forensic investigation consisting of concrete floor slab drilling and field and laboratory subgrade
testing was completed in the Maintenance Shop to evaluate subsurface conditions near Key Distress
Indicator (KDI) #3. This Key Distress Indicator consists of differential settlement of Building Column
MG-15, presumed differential settlement of the nearby floor slab, and cracked nearby masonry
partition walls. These building distresses were observed at the southwest corner of the building
immediately adjacent to the north side of the Turbine Building during facility assessments.

Possible Triggering Mechanisms identified for KDI #3 include:

e Subsurface Erosion and Piping (due to pumping); and
e Soil Collapse (due to first time wetting).

These Triggering Mechanisms and related Structures/CPFMs are }h
and 4.3.3. Conclusions related to these are discussed below in Seé&j;__

4.3.7.1 Scope of Work

originally planned (drill-holes
drilled }I;dﬂnvestlgated to the

immediately following drilling and before and after
ry plastic caps that were flush with the surrounding floor

2 test borings was accomplished by Omaha Concrete Sawing
b tion using a 4-inch diameter core bit and a hammer drill. The

" de evaluatlons using te
%Concrete drilling fo

testing at each drllled lOCElthl’l and laboratory testing on Shelby tube samples of the subgrade
material at the 2 test boring locations. Observations were made by HDR and Thiele Geotech,
Inc. (Thiele). Subgrade field and laboratory testing was performed solely by Thiele as directed
by HDR.

Observation of the subgrade below the floor slab included direct visual observation through the
open holes with the aid of a flashlight, close-up visual observations using a lighted, water-proof
borescope lowered through the open drill-holes, and measurement of the floor slab thickness
and depth to subgrade using a hooked probe made from #9 tie wire.
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In-situ field tests on the subgrade consisted of static cone penetrometer (SCP) tests at each
drilled location and a dynamic cone penetrometer (DCP) test performed at one drill-hole (1-12).
Laboratory tests included moisture content and unit weight (wet and dry).

Thiele used a Humboldt Model H-4210A Portable Static Cone Penetrometer to perform the
SCP tests. This device consists of a direct-read penetrometer that measures the amount of
penetration resistance as the device is pushed into soil materials. The cone penetrometer was
advanced into the subgrade by hand in continuous six-inch verticalj mtervals until refusal or the
maximum vertical reach of the device was reached, whicheygr o uﬁred firsty. Resistance

readings were observed and recorded for each 6- mch mterval PMedsh é‘%ﬁs of the depth to

Test (SPT), the DCP was used due to llmlted ace
hallway The data obtained can be used to idefit

Attachment 6

4.3.7.2.1 Observation Results

Visual observations and measurements were made as described above. Data obtained at each
drill-hole are summarized below in Table 4-3.
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Table 4-3 - Maintenance Shop Forensic Investigation Observations
Depthto | .| Straight-Line | ~Cardinal
Drill-hole Fl_oor Slal(an Subgrade Space Distance from Relative to
Number | 1hickness™ | from T?P Depth®™ Colum(g) Column MG- Comments
(inches) of Slab" MG-15
(inches) (inches) (feet) 15 (based on
plant north)

1-1 5.0 7.0 2.0 18.0 upper 6” granular fill"”
1-2 5.3 6.0 0.8 18.0 ¢iBver 6” granular fill?Y
1-3 5.0 "8.0 3.0 12.0 upper 6” granular fill®
14 5.0 8.5 3.5 11.5 2 ihe-grained fill
1-5 5.5 7.5 2.0 9.5 A upper«‘é” granular fill”
1-6 5.0 9.5 4.5 75 uppr Bheranular fill®
1-7 5.5 8.0 2.5 5.5
1-8 43 12.5 8.3 5.5
1-9 5.0 11.5 6.5 upper 6” granulatsf
1-10 55 10.0 45 upper 6" granular fill®
1-11 5.0 13.5 8.5 yper 6” granular fill®!
1-12 5.5 9.0 3.5 ) granular fill”
1-13 5.0 9.5 4.5 upper'6” granular fill”
1-14 5.5 10.0 4.5 upper 6” granular fill”)
1-15 6.0 8.5 2.9 1 upper 6” granular fill®
1-16 55 7.0 il upper 6" granular fill”

EW-1 6.0 7.0 upper 6” granular fill"*)

EW-2 5.0 6.0 upper 6” granular fill¥

5.0

| upper 6” granular fill®

upper 6” granular fill®

upper 6" granular fill””

upper 6" granular fill®
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As indicated by the data above, floor slab thickness at the locations drilled ranged from about 5
to 6 inches at the testing locations. Drilling completed to access the floor slab subgrade
resulted in penetration slightly below the slab. Observations during drilling indicated that the
drill usually advanced beyond the slab bottom about an inch. Measured void space of less than
about an inch was not considered significant or representative of a void space.

Significant void space (greater than about 1 inch) was detected below the floor slab at all but

one of the 16 locations drilled in the open area surrounding ColumiMG-15. Away from the

settled column in the adJacent hallways no 51gn1ﬁcant v01Mpace' was degected below the floor
EREW-4% S '1 and NS-2).

aﬁg@ abouts.0 inches. In
anging fro ma‘out 0.8 10 8.5

nearer to the settled column as shown below.

Within about 3.5 feet of the settled colu aﬁ
Within about 4.5 feet of the settled colurfln
Wlthm about 5.5 feet of the settled coli m%f

) s sections A-A’, B-B’, and C-
pcations are shown in Figure 4-11.

'1d space are 1llus'
ind 4-14. The Sction
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4.3.7.2.2 SCP Test Results_

SCP tests were performed as described above. Data obtained at each drill-hole

below in Table 4-4.

are summarized

Table 4-4 - Maintenance Shop SCP Test Results

Depth

Approx.

Cardinal
Direction

Straight-

Drill- from Top | Gauge Correlated c;?;'; ttl;’r?c n
hole of Reading N-value or yﬁ Comments
Number | Subgrade | (kg/cm®) | (uncorrected, Firmness ;
(feet) blows/foot)
-1 0.0-0.5 24.5 6
0.5-1.0 40 10
12 10.0-0.5 20 5
i 0.5-1.0 51 13
13 0.0-0.5 6 2 - refusal 7 “
0.5-1.0 w | BTOS -
0.0-0.5 w
0.5-1.0
]_4_ 1-0".5 reﬁlsal 367)
1.5-2.0 BTOS
2.0-2.5 ’
2.5-3.0
refusal 7
BTOS
refusal 8”
BTOS
refusal 8”
BTOS
refusal 4
BTOS
refusal 23”
BTOS
med. stiff '
very soft refusal 10”
4.
stiff 3 S BTOS
stiff refusal 1.5"
35 N BTOS
stiff refusal 6”
1-12 0.5-1.0 52 13 2.5 SE BTOS
0.0-0.5 0 0 NA refusal 10"
1-13 5.5 SE
0.5-1.0 50 13 stiff BTOS
0.0-0.5 0 0 NA refusal 10”
1-14 6.5 ESE
0.5-1.0 52 13 stiff S BTOS
1-15 0.0-0.5 30 8 med. stiff s psg | rcfusal6

BTOS
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0.0-0.5 9 2 very soft refusal 8.5
1-16 16.5 ESE
0.5-1.0 54 14 stiff BTOS
0.0-0.5 39 10 stiff refusal 77
EW-1 19.0 ENE
0.5-1.0 55 14 stiff . BTOS
stiff refusal 6”
Ew-2 0.0-0.5 58 15 45.0 ENE BTOS
stiff refusal 57
EW-3 0.0-0.5 . 59 15 65.0 ¢ ENE BTOS
stff refusal 5”
EwW-4 0.0-0.5 56 14 BTOS
stiff refusal 57
NS-1 0.0-0.5 52 13 BTOS
0.0-0.5 50 13 stiff . .
NS-2 0.5-1.0 32 8 med. stiff fusal 14.5
1.0-1.5 46 12 stiff
Notes:

(1) Approximate values based on scaled investigation plan drawmg
BTOS = below top of subgrade.
N = north, S = south, E = east, W = west

Wm atior tIsﬁ__p_rroundmg the settled
ﬁﬂ ‘uncorrected), correlated frs’q SEP test cone index results,
Were encou d at all te

tilocations. Very soft to soft

medium stiff to s_tlff fine- gramed’ ﬁ% 1
soils were sometimes encoumlgf*qre 4n ) the upper 6 %ehes of subgrade.
G

manual for the 'S(}B%;test' dev1ce provides a coefficient of

ue.of cone index (Q.) in kilograms per square centimeter
53 at the correlation was determined through extensive

rified for local soil types. Because of the hydro-

est borings completed during the geotechnical

is was not possible. As such, the N-values

‘e not based on correlations with site soils, and were used

f‘:;i evaluation in this invéstigation.

“about 6.5 to 50. Coré index correlated bearing capacity ranged from about 2,000 to 7,000
pounds per square foot. Anomalously high CBR and bearing capacity values were obtained for
soil at about 60 inches below the top of subgrade; these values are related to unusually high
blow counts believed to be the result of the cone tip encountering a particle of gravel and are
not included in the CBR and bearing capacity ranges mentioned above.

4.3.7.2.4 Shelby Tube Samples and Laboratory Test Results

Soils encountered during Shelby tube sampling were generally logged as silt. At one 12-inch
interval (1.0 to 2.0 feet below top of subgrade) the material encountered was logged as lean
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clay. Shelby tube advancement/recovery ranged from 8 to 18 inches. Refusal was encountered
at both test borings at about 4 feet below top of subgrade on coarse gravel (crushed limestone)
believed to be at the previous plant grade and placed during original plant construction to
stabilize the ground surface for heavy equipment traffic.

Moisture contents of the sampled soils ranged from 17.2 to 24.8 percent and averaged 20.6

percent. Void ratio (based on an assumed specific gravity of 2.7) ranged from 0.591 to 0.731
and averaged 0.600. Percent saturation (based on an assumed spegific gravity of 2.7) ranged
from 78 to 96 and averaged 86. o

>

Column MG-15), field SPTs, collection o
standard split-spoon samplers, and labora
southern portions of the planned build
Column MG-15 is founded) con; : ;
medium stiff, low plasticity claye silt (ML). Finl nd fill wadincountered along northern
portlons of the planned bullﬁmg\q'ﬁ' tprint. Below\thé%

00 150 ,méﬁl%m dense to dense stratified

Cohesive soils would proyis
»Total settlement of % to f(i

confirm that thas subsided and a void space has developed. The void space ranges
from about no#e&\_\ ches in depth below the bottom of the floor slab and extends about 15
feet to the north, east’and west-northwest of Column MG-15.. The lateral extent of void
beneath the floor slab to the south, southeast and southwest was not determined by this

investigation.

Field testing including SCP and DCP tests on the subgrade soil below the floor slab did not
identify the presence of voids or soft soils below the top of subgrade at tested locations. Field
observations and laboratory testing from this investigation and from the previous GSI
investigation are in general agreement and indicate that the fine grained loess derived fill in the
vicinity of Column MG-15 consists of medium stiff to stiff, low plasticity silt that has
allowable bearing pressure of 2,000 psf or greater. Neither field observations nor field and
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laboratory testing performed for this investigation indicated poor fill placement or conditions
that would result in subgrade or column settlement of the magnitude observed.

Based on these observations and field and laboratory test results, the subsidence and resultant
void identified below the floor slab and the column settlement and apparently related settlement
cracking expressed in nearby masonry walls is not attributed to the Triggering Mechanism of
Soil Collapse (due to first time wetting). As such, the CPFMs assoc1ated with this Triggering
Mechanism; 7a - Cracked Slab, Differential Settlement of ShallowéFoundatlon and Loss of
Structural Support; 7b - Displaced Structure/Broken Connegtions dz/ -'General Site
Settlement, are ruled out for the Maintenance Shop. '

Subsurface Erosion and Piping (due to pu
related void and settlement distress in the %\/I 1) S
the Technical Support Center. Voids, maten 1kloss arid ma Zmoy
identified by investigations in the m'blne urldmg@jafsggment (K@Im#
north wall of the Turbine Bulldmg}w ich is a sharé‘d/ 'ommg wa“ll w1th the Maintenance
géant and distressiabserved indht

6vdeep subsurface pipmgiere

f &&S a result of the hydraulic gradient created by the
as'vbeen evidenced by depressed groundwater levels,

Building asement floor slab, and sediment accumulated in
le depressed groundwater levels and void conditions are

noted that our ifv ation was not exhaustive. Subgrade void space was not dehneated to the
south, southeast, or«sOuthwest (see Figure 4-11), which are toward the locations of
observed/measured groundwater flow, groundwater lows, and voids below the Turbine
Building basement. It should also be noted that wall cracking expressed in the Maintenance
Shop masonry walls of the Men’s restroom appears to be expanding (crack aperture appears
larger than previously noted during structure observations in August/September 2011).
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4.3.7.4 Recommendations
HDR’s recommendations are listed below.

e The results of the KDI #3 forensic investigations have found that the distress observed in
both the Maintenance Shop (failed column) and the Technical Support (cracked walls) are
not associated with the Triggering Mechanism 7 - Soil Collapse (due to first time wetting).
Therefore the CPFMs associated with this Triggering Mecham%“m (7a 7c) have been ruled
out by this forensic investigation. The results show that
Maintenance Shop and the Technical Support Center, ﬁ
associated with the uncontrolled dramage of the groun
Building basement drainage system piping. KDI #1745
Mechanism of Subsurface Erosion/Piping (due to pu
Maintenance Shop and Technical Support Center is 3
shallow foundation/slab (due to pumping). This CPF V
physical modifications presented for KDI #1, as present d in
Report are implemented.

the Maintenance Shop as planned (hehcal;gvl}ersgandij%v
adjacent masonry walls exhibiting settle it crackmg .
' mltlgate the likely cause of the observédiMai

components of the building in¢
and Piping but not yet expre

re dlstress could include
other nearby masonry walls

“the adjacent 6lé ator sha_

ot

be noted that oﬁr Ve

west of settled Column MG-15.

on: ol 3 ended for the purposes of this Assessment Report.

?ﬁs&lganons coy Td; be undertaken by the owner as part of the design for
it the Maintg n__ ce Shop and Technical Support Center distress.

ation of the’ subgrade below the floor slab in the Maintenance

ind southwest of Column MG-15 to include drilling, coring,

ng, and laboratory testing as appropriate to delineate the

ndiidentify other structural building elements at risk. It is

' -'_e physwal modlﬁcatlons outlmed in the KDI #1 forensxc

Building Ba %gny 31ab is halted. Continued subsurface erosion/piping would most likely
reduce the effi é’éﬂ)‘? of any physical modifications designed to remediate the distress in the

Maintenance Shop and the Technical Support Center.
4.4  Comparative Evaluation of Geotechnical Analyses

The purpose of this comparative evaluation is to assess the potential impacts of the 2011 flood on the
overall geotechnical conditions at the FCS site. This assessment included a comparative evaluation of
new and existing geotechnical data in an attempt to assess whether the foundation soils have been
disturbed or weakened from the sustained high water.
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The primary basis of comparison for this evaluation was provided by 1) the penetration resistance data
recorded during drive sampling and seismic refraction surveys completed as a part of the pre-flood
investigations, and 2) the subsurface investigations conducted for this assessment. The penetration
resistance data from these investigations provide an indirect but useful indication of the relative
strength and stiffness of the subsurface soils and bedrock at the FCS site. The seismic refraction
surveys provide an estimation of the p-wave (compression) wave velocity, which can be an additional
indication of the relative strength and stiffness of these materials.

4.4.1 Site Conditions

For reference, the generalized subsurface profile at the FCS site c
descending order: o

e A 1-to 10-foot-thick layer of existing earth fill, most of which was pla
original construction

e An intermittent layer of soft to firm, fine alluvi
0 to 20 feet

graded sands w1th some clay seams) _ ‘_
 Limestone/shale bedrock at depth of alfout, 75 fgét be V! ; deskor-at about el. 930 ft.

The majority 0 : technical data obtained from the pre-flood investigations was derived
from the subsurfa S vestigation completed by Dames & Moore (D&M, 1967, 1968) of New
York, NY. This 1nvest1ga’uon consisted of advancing 73 test borings in the area of the main
facility using 3.25-inch diameter hollow stem augers and drive sampling at 5-foot intervals in
the overburden soils and BX-size rock coring in the bedrock. The depths of the borings ranged
from 50 to 150 feet below grade.

The Dames & Moore “Type U” sampler and the Standard Penetration Test (SPT) sampler were
used to collect samples and measure driving resistance as the number of hammer blows per foot
of sampler penetration. The D&M sampler retrieved 2.42-inch diameter drive samples using a
300 to 350-pound weight falling a vertical distance of 24 inches (energy = 600 to 680 foot-
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pounds). The SPT sampler retrieved 1.375-inch diameter drive samples using a 140-pound
weight falling from a vertical distance of 30 inches (energy = 350 foot-pounds).

4.4.21 Dames & Moore Seismic Refraction Surveys

Three deep and one shallow seismic refraction surveys were also conducted as a part of the
1967 D&M investigation. The deep seismic surveys, which ranged in length from 600 to 1000
feet, were conducted to investigate the depth to rock at the site, asfuell as to estimate the p-
wave velocities of the overburden soil and underlying bedroek S

in length and was conducted to investigate an anomaly idk 1
determined to be a group of timber piles.

- 5A, D&M Plate 11 C-1. The estimated p-wave velocmes
feet/second between depths of 0 to 46 feet (or from about
feet/second between the depths of 46 to 70 feet (from.

The results of other pre-flood investigatio
evaluation, including the following.studie

e The 1987 investigation b
borings at the 51te of theTirai

443 Current Inv

4111

The current subsurface investigation was completed by Thiele Geotech of Omaha, NE, in
September of 2011. This investigation consisted of advancing 9 test borings and 12 cone
penetration tests (CPTs) across the entire site. The locations of the borings and CPTs for the
-current investigation are shown in Attachment 5B, Figure 1.
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Prior to commencing each boring and CPT, OPPD required that the upper 10 feet of soil be
hydro-excavated (soil removed by jetting and vacuuming) due to the potential for encountering
shallow utilities across the site. As a result, no soil samples or geotechnical data were retrieved
from the present ground surface to a depth of 10 feet at these locations.

Detailed discussions of the current investigation are provided in HDR (2011).

4.4.3.1 SPT Sampling

Sampling of the overburden soils was completed using;
and drive sampling using the SPT sampler (ASTM D 15§ o
maintained during drilling with the use of bentonite slurry

KS. The calibration was performed to determine the actual efficien
of the hammer blow to the drive sampler. The resu“l
efficiency of the SPT hammers used in the curry
(FTC, 2011).

44.3.2 Cone Penetration Testing

fii

c¢h were advan d using an; oustlc piezocone rig
ns. The procedﬁres{ for the CPils i

the seismic refraction surveys, was to investigate the overburden
he presence of soft or loose zones of soil or voids that may have

Locations of the seismic refraction surveys are provided in Attachment 5B, Figure 2. A full
version of the report is provided in Geotechnology (2011).

The graphical results of the seismic refraction surveys from Geotechnology are provided in
Attachment 5C and consist of plots of p-wave (compression) wave velocity versus depth along
each of the seismic lines. The plots display contours of the p-wave velocities that range from
about 1000 feet/second near the surface to about 6000 feet/second at the base of the alluvium.
In general, the magnitude of the p-wave velocities were found to increase with depth, except
some isolated zones of lower velocity material were encountered at depths of 40 to 75 feet
below existing grade.
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4.4.4 Interpretation of Penetration Resistance Data

Because the drive sampling in the pre-flood and current investigations were completed under variable
site conditions and with different equipment and technology, the penetration resistance values (in
number of sampler blows per foot of penetration) had to be adjusted for these differences to allow a
reasonable basis for comparison. Correction factors were applied to the field blowcount values to
“account for these differing conditions in accordance with ASTM D 6066-96. These factors included
corrections for: N

e  Overburden pressure at the time of drive sampling, since thogf:

stress condition varied at the time of each investigation; ¥
e Hammer energy, since drive samplmg with the D&M sampler;

e Borehole diameter; since samplmg in larger diameter holes 1s:
the energy to the sampler than in smalier holes;

e Drill rod length; since drive samples taken with shorter;

sampling with longer sections; and

' 'fhése correction factors, a
This normalized value is
the 1 d value since the commonly
as an efficiency 1;" SOUTHe { In addition, many of the
_}‘%ﬂ)propert]es ha\?é&b%en eveloped using blowcount data

referred to as Nlg. An efficiency o_
used safety hammer with a rope cathg
publrshed correla 1073

ound information for the correction factors are provided in
sersus elevation of the recorded blowcount for the pre-flood
ttachment 5B, Figure A-3. Using the correlations and

Robertson et aﬂl' g

5).and Lum}e-' g 1 997), estimates of N 14, were derived from the CPT data and
these data points hay inclt

1ded’in these plots.

As depicted in Attachme “Figure A-3, the N1 values from the pre-flood and current
investigations show a similar pattern and scatter of blowcounts that range from 2 to 60 blows/foot
along the full depth of the subsurface profile. The mean and standard deviation for the pre-flood and
current N14o values are plotted in Attachment 5B, Figures A-3 and A-4 along the full depth of the
profile. These plots also display a similar range and scatter of values.

445 Preliminary Findings and Conclusions

Comparison of the computed N1¢g values for the pre-flood and current investigations indicate that
there was no observable difference in the overall geotechnical conditions at the site and that the
foundation materials have not been disturbed or significantly weakened from the flood inundation. In
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addition, comparison of the seismic refraction data from the pre-food and current investigations reveals
similar magnitudes of p-wave velocities over the full depth of the overburden soils, and no observable
differences were identified from this work. The presence of loose to medium dense zones with lower
p-wave velocities interbedded within denser materials confirm the inherent variation in the resistance
data retrieved in the pre-flood and current investigations.

Based on these findings and evaluations, it appears that the overall geotechnical conditions at the site

have not been significantly altered due to the sustained high water. The g 'served scatter of data pomts
in both plots is consistent with the relatively wide range of strengthsan ¢
blowcounts typically encountered in the alluvial soils within th

It should be noted that the findings and conclusions from the
applicable only to those existing soils below a depth of 10 feet

10 feet of soil may have been disturbed from underseepage and hrgh,e‘-”‘" 7
‘temporary levees during h1gh water., Addrtronally, disturbance to\the

Additionally, it should be noted that these ﬁndmgsa‘and conclusio

impacts that may have occurred due to the esenceﬁmﬁﬁ'the brok

This Assessme
evaluation of A

engmeermg CV ons, our general

k‘.n

xperience and the state-of-the-practice at the time of this writing,.
447 Test Stand

e ASTM D 1586-08a,
of Soils.”

e ASTM D 5778-07, “Standard Test Method for Electronic Friction Cone and Piezocone Penetration
Testing of Soils.”

e ASTM D 6066-96, “Standard Practice for Determining the Normalized Penetration Resistance of
Sands for Evaluation of Liquefaction Potential.”

Staridard Test Method for Penetration Test (SPT) and Split-Barrel Sampling
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5.1  Intake Structure
5.1.1 Summary of Intake Structure

Baseline information for the Intake Structure is provided in Section 2.0, Site History, Description, and
Baseline Condition.

The Intake Structure 1S located at the extreme cast side of the PA and is ®‘ tructed*dlrectl into the
of s B . il Y

foundation mat at approximately el. 960.8 ft to el. 1014.5 ft, the st
concrete with integral pilasters that align with the steel columns ab

MlSSOUI’l River that is

;twater fromithe:-N
M{d‘to provide the structural

reqmred for component cooling and fir 1§ ing at’Fort Calhoun Statio

support and environmental protectlon n

Referencésifor Intake Structure

PPD Document Date Page Number(s)
Number
(if applicable)
SDBD-STRUC-503 | 6/22/2010 46, 57-61
Rev. 10
| SE-PM-AE-1002 7/16/2009 All
Building and Misc.¥
Incident Report Summ CR 2011-5369 6/5/2011 All
Incident Report Summary CR 2011-5254 6/1/2011 All
Incident Report Summary CR 2011-5321 6/3/2011 All
Incident Report Summary CR 2011-5323 6/3/2011 All
Incident Report Summary CR 2011-5377 6/5/2011 All
Incident Report Summary ' CR 2011-5384 6/6/2011 ' All
Incident Report Summary CR 2011-5473 6/10/2011 All
Incident Report Summary CR 2011-5737 6/22/2011 All
Incident Report Summary CR 2011-5805 6/26/2011 All
Incident Report Summary CR 2011-5932 7/1/2011 All
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Table 5.1-1 - References for Intake Structure
Document Title OPPD Document Date Page Number(s)
- Number
_ (if applicable)

Summary of Vibroflotation 1/27/1972 All

Naval Facilities Engineering Command, 9/1986 : All

Design Manual 7.01, Soil Mechanics

Detailed site observations—field reports, field notes, and inspection:checklist f"‘.ét;le Intake

e The foundation slab is cast with the pipe piles embedded within'the
“fixed head” condition for the pile design (see SDBD- STRUC"
o The plles consist of 20-i -in.- -outside-diameter pipe with 1.031- 1

protection system (see USAR-5.7).
The coefﬁcrent of lateral subgrade moddull\us 1

s&structure was pr; ’sandbag wall along the entire
b .

ags and portable%}y)uzmips%lo&gated at the exterior doors on the

cted by revetment and slopes downward at 3H:1V.

e Protection lines connect to the north side of the building.
le 5.1-1 document many areas of the structure where

Without special provisions,.the Intake Structure can accommodate flood levels of up to 1004.5 ft
-without water entering{ e'structure For higher flood levels, protection can be provided by steel
flood barriers equipped with seals (up to el. 1009.5 ft) and sandbags and other methods to el. 1014
ft (see SDBD-STRUC-503).

e The building was located outside the Aqua Dam perimeter and was protected by the steel flood
barriers and sandbags, with small portable pumps to remove lrght water infiltration.
A layer of dried river sediment was present on the north and south grades adjacent to the structure.
Small localized areas directly at the soil and exterior wall interface had signs of subsidence and
scour. However, globally there were no signs of large-scale soil movement.

e Visual observation was not made to the river (east) side of the structure due to high water levels in

the Missouri River at the time of the field inspection.
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&

- General observations of the interior of the structure indicated minor. concrete cracking with both
current water infiltration (damp to slight running water) and-dfy walls with signs of water -
infiltration that occurred at an earlier time. The observed crackmg appears to be a condition
previously recorded and monitored.

5.1.3 Assessment Methods and Procedures

5.1.3.1 Assessment -Ptocedures Accorhplished
Assessments of the Intake Structure included the follow'

e Visual inspection of the interior of the structure with
tunnel, the north stairwell, and the operating floor at®¢]

* Visual inspection of the exterior of the structure where'g
(east) side of the structure was not possible due to h1 :
inspection.

e An assessment of collected survey data to- date ﬁo i
the structure. &

e A review of previously referenced docum

Additional investigations were performed
geophysical and invasive geotechnical invi

Eleven PFMs assoc1ated wg{ﬂl ﬁve different Triggering Mechanisms were determmed to be
“non-credible” for all Priority 1 Structures, as discussed in Section 3.6. The remaining PFMs were
carried forward as “credible.” After the design review for each structure, the structure observations,
and the results of available geotechnical, geophysical, and survey data were analyzed, a number of
'CPFMs were ruled out as discussed in Section 5.1.4.1. The CPFMs carried forward for detailed

assessment are discussed in Section 5.1.4.2.
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5.1.4.1 Potential Failure Modes Ruled Out Prior to the Completlon of the Detailed
Assessment

The ruled-out CPFMs reside in the Not Sign_iﬁéant/High Confidence category and for clarity
will not be shown in the Potential for Failure/Confidence matrix.

Triggering Mechanism 2 — Surface Erosion
CPFM 2b — Loss of lateral support for pile foundation

Reasons for ruling out: -

isolated to a fencepost at the river’s edge.

¢ The bathymetric survey did not indicate significant s
was under water.

Reasons for ruling out:

e There is no condition at this strueture wiie
- head, thus resulting in loss offl

Sm Q%@S Erosnon/Pnpm
soflateral suppaitie

well below designated n@- 31 or low river levéls: “Therefore, the pile foundatlon is below
e:river level regardless oﬁgth%frate of drawdown 8011 material around the piles will not be

Reasons for ruling out:

o The Intake Structure is designed to withstand an external water load due to flooding of the
Missouri River to el. 1014 ft (see SDBD-STRUC-503). The peak flood elevation in 2011
was approximately 1006.9 ft, which is less than the structural design basis.
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e The structure cannot slide or overturn due to hydrostatic lateral loads because these loads
are approximately equal on all sides of the structure.

e Visual observations did not identify distress to the structure that can be attributed to this
PFM.

Triggering Mechanism 5 — Hydrodynamic Loading
CPFM 5a — Overturning
CPFM 5b - Sliding
CPFM 5¢ — Wall failure in flexure
CPFM 5d — Wall failure in shear
CPFM 5e — Damage by debris -
CPFM 5f — Excess deflection

Reasons for ruling out:

Visual observations did not identify di it
CPFMs. -

_ “STRUC-503). The peak flood elevation in
ft, which is less than the structural design basis.

si
CPFM 7d - Plles bucklmg from down drag

Reason for ruling out:

e The Intake Structure is directly adjacent to the Missouri River. The soil surrounding the
structure, including the subgrade under buried utilities leading to the structure, is normally
in a saturated condition.
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Triggering Mechanism 10 — Machine/Vibration-Induced Liquefaction
CPFM 10b - Displaced structure/broken connections

Reasons for ruling out:

¢ Permanent equipment that has the capacity to produce significant dynamic forces due to
vibration is mounted on the base mat foundation slab of the structure. This structure is

below the river level regardless of the flood elevation. ﬁ‘%

2

Temporary pumpmg equxpment located on the ground ___,_,rthm it

X ua&lam erimeter
s p

e The in situ granular soils were compacted via vibrofl
- liquefaction. '

sethe 1ty «u e signi 193%ant; 6';amlc forces due to
vibration is mounted on the t ="'""at foundatmn lab of the $tru

e Temporary pumpmg equtpenocated on the SEOUN(
prod lllocallzed\!w ibrations, which werelo et from the structure and therefore

vibration is mag%ﬁed on the base mat foundation slab of the structure. Th1s structure is . -
below the riverievel regardless of the flood elevation. -

e Temporary pumping equipment located on the ground within the Aqua Dam perimeter
produced minimal localized vibrations, which were offset from the structure and therefore
deemed to have inconsequential effect.

e This is not a changed condition due to the flood. The Intake Structure has been in service
38 years under similar saturated soils and machine vibration. Reviewed condition survey
reports do not indicate signs of distress that would be attributed to pile instability.

e The in situ granular soils were compacted via vibroflotation to minimize the possibility of
liquefaction.
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Triggering Mechanism 11 — Loss of Soil Strength due to Static Liquefaction or Upward
Seepage

CPFM 11b - Displaced structure/broken connections

CPFM 11c — Additional lateral force on below-grade walls

CPFM 11d - Pile/pile group instability

Reasons for ruling out:

e The Intake Structure is located outsrde the Aqua Dam gerlme 3

-.w’ix

s-subjected to

as been in service
38 years under similar saturated soils.

Triggering Mechanism 13 — Submergence
CPFM 13b - Corrosion of structural elements

Reasons for ruling out:

ina saturated condition.
e This is not a changed condition due tot{; )
38 years under similar saturatgdi§o

Tl‘igg'er.ing Mechanism 143 Eros
CPFM 14a.- Heaving, crashi

-~ Riverbank slope failure and undermining surrounding structures

CPFM 12b - La _ Al spreading

The Triggering Mechanism and CPFMs could occur as follows: the river level drops faster
than pore water pressure in the soil can dissipate. The saturated soil is elevated above the
dropping river level. The sloped bank of the river provides no lateral pressure support for the
saturated soil. At some point, there is insufficient support on the river side to support the
saturated soils. At that point, the soils experience slope movements or even failure. Generally,
slope failures associated with rapid drawdown are relatively localized and shallow in nature;
however, deeper failures can occur.
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Floodwater elevations, at the time of HDR’s inspection, were above finished floor elevations,
and river levels were being lowered at a relatively slow pace. River elevations were still well
above normal levels. The drop in elevation of the river is expected to occur at a higher rate
than the drop in elevation of the groundwater. This will result in an increased groundwater
gradient. This increase could cause localized riverbank slope failure and/or lateral spreading.

At the time of Revision 0, the river level had dropped to a nominal normal level (roughly el.
994 ft). Field observation of the river bank area has not been per ed since the river level

dropped.
Adverse (Degradation/Direct Floodwater ag"'" ar
Impact More Likely) Floodwate lmpact,-LSss leely)

g
ons require

The Intake Structure is in close proximity to the oudit
ot bccurred at the time;

river.

Utilities provide many potential flow paths to
and around the structure.

AT

%re’would be
orapid

Elevated saturated soils and elevated floodwate 1l e Intake Structure is
levels provide a water source. A po nﬁ%}‘l pathi- € '
for water and 3011 mlgratxon can ext ,d under the

The Yiverbarik to the north of the Intake
Structure is protected by sheet piling.

Review of survey data to date indicates no trends
«| in structure movement.

“Piles support the Intake Structure, reducing the
risk that the structure will be affected by shallow
undermining.

Survey data to date does not identify movement
of the building.

) of the rxivg thank following drawdown to normal river elevations
e  Geophysical: gyesﬁ" ition “data to address observed concerns
g,sgtqhat will provide an indication of slope movement

. Inclmometerére

Conclusion

Significance

Potential for Degradation/Direct Floodwater Impact

River stage level has receded and stabilized at a level corresponding to the nominal “normal”
river level at 40,000 cfs as of October 4, 2011. The potential for degradation from drawdown is
low because it has not been observed as of October 4, 2011. Rapid drawdown has been
controlled, and continued river drawdown is not expected to occur at a rate that would initiate
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this Triggering Mechanism. Because it is believed that a potential for degradation of the
foundation exists but is not likely, the potential for degradation is considered low for this
Triggering Mechanism and associated CPFMs 12a and 12b.

Implication

The occurrence of these CPFMs could lead to excessive movement and negatively impact the
integrity or intended function of the structures and systems surrouﬁdmg the Intake Structure
Therefore, the implication of the potential for degradation isshig

Confidence

At the time of the field report, conditions required to initjat
associated with CPFMs 12a and 12b had not yet occurred. €kt
investigation data required to evaluate these CPFMs have 0
evaluation cannot be made. %?’

lateral spreading will not occur. Therefore
is low.

Summary

1 : _é;ary to draw a conclusion. These data will be
of this AsseSsment Report.
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5.1.5 Results and Conclusions

The CPFMs evaluated for the Intake Structure are presented in the following matrix, which shows the
rating for the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Data) (Sufficient Data)

ficant

igni

Potential
for Failure

S

CPFM 12a
CPFM 12b

Potential
for Failure
Not Significant

'_¢ distress and movement or changes in soil condmons around
'ng will be used to increase the conﬁdence in the assessment

observed before Decem 011, appropriate HDR personnel should be notified immediately to
determine if an immediatesifispection or assessment should be conducted. Observation of new distress
indicators might result in a modification of the recommendations for this structure.
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5.1.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011, Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
incomplete in Revision 0 because the forensic investigation and/or monitoring for most of the

Priority 1 Structures was not completed by the submittal date. This revision of this Assessment Report
includes the results of additional forensic investigation and monitoring to date for this structure as

described below.
5.1.7.1  Additional Data Available

The following additional data were available for the In
this Assessment Report:

51.7.2

Additional groundwater monitoring well and river sta
Field observations of the river bank (see Section 5.25).
Results of geophysical investigation by Geotechn
Results of geotechnical investigation by Thigl ee 5¢h, Inc. (see A hment 6).
Data obtained from inclinometers by Thieleieo ec}’i%:%

Additional Analysis

Results of g investigation by Thiele Geotech, Inc.

Six test boring§ rere drilled, with continuous sampling of the soil encountered, to ground
truth the Geotechnology, Inc. seismic investigation results as part of the KDI #2 forensic
investigation. Test bore holes were located to penetrate the deep anomalies identified in the
seismic investigation. The test boring data did not show any piping voids or very soft/very
loose conditions that might be indicative of subsurface erosion/piping or related material
loss or movement.

All of the SPT and CPT test results conducted for this Assessment Report were compared
to similar data from numerous other geotechnical investigations that have been conducted
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on the FCS site in previous years. This comparison did not identify substantial changes to
“the soil strength and stiffness over that time period. SPT and CPT test results were not
performed in the top 10 feet to protect existing utilities.

Data from inclinometers to date, compared to the original baseline measurements, have not
exceeded the accuracy range of the inclinometers. Therefore, deformation at the monitored
locations since the installation of the instrumentation has not occurred.

]

The Triggering Mechamsm and CPFMs could occur ag® ]
n dissi pate. THE §/aturated 56 levated above the
f the rlver;provides no lg’%ﬁ’al pressure support for the
S 'ort on the %%?ver side to support the
% ﬂjIxyg%gmgnts or even failure. Generally, -
t"’fely,ﬁlocallzed and shallow in nature;

‘ ‘u ,o‘nver drawdown had ge_n- .‘,"ly dissipated by about October 14, 2011. Field observatlons
of the'Rayer Bank on Octobe '%01 1, did not identify deformation of the river bank that

e ibuted to slope failure or lateral spreading. Therefore, it can be concluded that
neither slo eg‘ ilure nor Jat preading occurred due to the 2011 flood.

t'a potential for degradation of the structure exists but is not likely, the

potential for deg is considered low for this Triggering Mechanism and associated

CPFMs 12a and 176"
Implication

The occurrence of this potential degradation could lead to excessive movement and negatively
impact the integrity or intended function of the structures and systems surrounding the Intake

Structure. Therefore, the implication of the potential degradation for the Intake Structure is
high.
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Confidence

Field observations of the river bank and review of the groundwater data indicates that neither
slope failure nor lateral spreading occurred due to the 2011 flood. Therefore, confidence in the
results of this assessment for these CPFMs is high.

Summary

For CPFMs 12a and 12b, as discussed above, the potential for de
surrounding the Intake Structure is low because of field ob§ervation anOd Tl
groundwater data. In the unlikely event that these CPF, e
degradation to the structures and systems surrounding th

to the quadrant of the matrlx representing *
2011 Flood.”

5.1.7.3 Revised Results

onﬁdence in the evaluatlon

ngﬁ Confidence
(Sufficient Data)

for Failure
Significant

CPFM 12a
CPFM 12b

Potential
for Failure
Not Significant
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5.1 .7..4 Conclusions

In the assessment of the FCS Structures, the first step was to develop a list of all Triggering
Mechanisms and PFMs that could have occurred due to the prolonged inundation of the FCS
site during the 2011 Missouri River flood and could have negatively impacted these structures.
The next step was to use data from various investigations, including systematic observation of
the structures over time, either to eliminate the Triggering Mechanisms and PFMs from the list
or to recommend further investigation and/or physical modificatighi,;to remove them from the
list for any particular structure. Because all CPFMs for thedntake:SE "'ctur;cgfg;her than
CPFMs 12a and 12b had been ruled out pnor to Rev151o . and becuse CPFMS 12a and 12b

significant.



Section 5.2
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5.2  Auxiliary Building
5.2.1 Summary of Auxiliary Building

Baseline information for the Auxnllary Building is provided in Section 2.0, Site History, Description,

and Baseline Condition.
£,

The Auxiliary Building is located in the center of the PA. It is attached t%theTurbme Building,
Technical Support Bulldmg, CARP Bulldmg, and Rad Waste Bgﬂ -1ng on91s§ "@#’theast, northwest,

The Auxiliary Building is a multi-story reinforced concrete Class
operation. The building houses major systems and components, bo

oL ture essentla] to:plant
and non- CéE. )

and Rad Waste Buildings are shallow foundation structures_ .;;i_“gh" the gr
matching the ground level elevation of t uiuhary Bullding (1007 ft) |
where it adjoins with the Technical Spp {“’Bulldmg andgCA‘zRP Building:

thelRad Waste Buildi

“1 .el slabs roughly
“basement floor elevation

h.

walls andiconcrete floor dlaphragms that prov1de-»' : ta al support to the building. The building is
Suppo "_”rd?wn 20-in.-diameter open-ended steel plllnwﬁextendmg into sound bedrock. Where solutlon
ca'\“lltles«eaxe located below the piles, the

M&;Qm the bottom of the mat, and the remainder of the plles are
eﬁ

‘12 .
beams cast monolithicalty
Thicknesses vary per 1@

¢-1oof. Intenor floors and walls are cast-in-place reinforced concrete.
d floor span.

" The Containment, which resides at the center of the Auxiliary Building, is supported on 20-in.-
diameter open-ended steel piling extending into sound bedrock. Where solution cavities are located
below the piles, the piles are underreamed and extend past the solution cavities. The piles are filled
with sand up to 1 ft from grade, and the remainder of the piles are filled with concrete. The piles are
capped with a 2-in.-thick ASTM A36 steel cap plate that is 22 in. by 22 in. The number of piles in
each circle is constant, with each pile circle 5 ft closer to the center. Therefore, the piling density
increases as you reach the center of the Containment. The top of the foundation adjacent to the
Auxiliary Building is at el. 991 ft. The top-of-foundation elevations for the Auxiliary Building, where
it adjoins the Containment, range from 971 to 1002 ft.
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5.2.2 Inputs/References Supporting the Analysis

Table 5.2-1 lists references provided by OPPD and other documents used to support HDR’s analysis.

Table 5.2-1 - References for Auxiliary Building

Document Title OPPD Document Date Page Number(s)
Number :
(if applicable) B
Incident Report Summary CR 2011-5490 6/10/2011 s Al
Incident Report Summary CR 2011-5560 6/4472011 1

Incident Report Summary

CR 2011-5605

EI011

Incident Report Summary

CR 2011-5609

Incident Report Summary

CR 2011-5670

6"{1& gm 1_ £
D0 '

Incident Report Summary

CR 2011-5837

Incident Report Summary

CR 2011-5853

Incident Report Summary

CR 2011-5961

Incident Report Summary

CR 2011-5977

Incident Report Summary CR 2011-5978

Incident Report Summary

CR 2011 6051 F:

Incident Report Summary

System Design Basis Document

Foundation Studies All
Soils Exploration Report All
Auxiliary Building Structural All

Inspection

Ingress/egress can ¥ de from Door 45 located outside of the Aux1llary Building (there is
no connecting doorwa _tween the Missile Shield Room and the adjacent Auxiliary Building).
This feature was measuréd using a hand tape measure and vertically probed using a 4-ft-long,
0.5-in.-diameter, steel-tipped fiberglass T-handle soil probe (commonly referred to as a foundation
probe). Field measurements showed the feature was about 3.5 ft in diameter and 1 ft deep. A high-
water line was observed on the interior walls approximately 0.8 ft above the floor. Various utility
conduits extend vertically into the ground along the outside wall at the southwest corner (a few feet
west of the alignment of the boil/piping feature). The Main Underground Cable Bank, MH-1 to the
Auxiliary Building, passes through the subsurface, extending east to west below the location of the
boil/piping feature.
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- General observations of the interior of the structure showed minor concrete cracking in several

walls and ceilings throughout the building. These hairline cracks could be associated with concrete
shrinkage that is typically seen in concrete construction. The below-grade walls were dry at the
time of inspection although there was evidence of past water infiltration. The observed cracks
appear to be those previously recorded and monitored based on incident report summaries from

OPPD listed in Table 5.2.1.

The structure was protected from floodwaters for the majority of the 2011 flood by an Aqua Dam;
however, the Aqua Dam failed for a short period of time due to bein 0 aged allowmg

shared with the Auxiliary Bulldmg A constant flow of water throug
since 1997 is believed to have occurred due to the cons
Building. For further information see Section 5. 8.
Indicator is presented in Section 4.1.

The Maintenance Shop to the northeast has do
footing had settled approximately 3 in. at the {
is settling. A more detailed discussionof thi

1@}1{:;,,0;{ his Key Distress

5.2.3.1 Assessment P

Assess

could be<a

Additional mvest1g ons were performed. These included the following non-invasive
geophysical and invasive geotechnical investigations:

e Seismic surveys (seismic refraction and refraction micro- tremor) in the PA. (Test reports
were not available at the time of Revision 0.)



Priority 1 Structures Page 5.2-4
Aucxiliary Building Rev. 2

* Geotechnical test borings in the protected area. Note that OPPD required vacuum
excavation for the first 10 ft of proposed test holes to avoid utility conflicts. Therefore, test
reports will not show soil conditions in the upper 10 ft of test boring logs. (Test reports
were not available at the time of Revision 0.)

e Four inclinometers were installed on site to determine the condition of the riverbank by
detecting lateral movement of the soils. (Inclinometers were not installed and thus no data
were available at the time of Revision 0.)

5.2.3.2 Assessment Procedures Not Completed
~ No additional assessment procedures have been identifj .
5.2.4 Analysis

Identified PFMs were initially reviewed as discussed in Section e
preliminary mformatxon avallable from OPPD data ﬁles and from mn;‘l*?v‘\"iglik-down observa

.-.e

Reason for rulin

e The structure is a sufficient distance from the river to be outside the zone of influence of the
CPFM.
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Triggering Mechanism 4 — Hydrostatic Lateral Loading (water loading on structures)
CPFM 4c — Wall failure in flexure
CPFM 4d — Wall failure in shear
CPFM 4e — Excess deflection

Reasons for ruling out:

U load due to flooding of
peak flood elevation

udesngn basis.

The Auxiliary Building is designed to withstand an external V\:iﬁ\l

CPFM.

Triggering Mechanism 5 — Hydrodynamic Loading
CPFM 5a — Overturning
CPFM 5b - Sliding
CPFM 5c¢ — Wall failure in flexure
CPFM 5d — Wall failure in shear
CPFM 5e — Damage by debris
CPFM 5f - Excess deflection

Reasons for ruling out:

e The structure was protected fror ,
of time when the Aqua Da

e The Auxiliar ¢ %g is designed to withstand an external water load due to flooding of
the Missouri Riyer to el. 1014 ft (see SDBD-AUX-502, Rev 18). The peak flood elevation
in 2011 was approximately 1006.9 ft, which is less than the structural design basis.

e Visual observations and survey measurements show no structure movement. Therefore, it
is unlikely that the tension piles failed (CPFM 6a) or that the structure was displaced or
damaged (CPFM 6c¢) due to buoyancy effects.
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Triggering Mechanism 7 — Soil Collapse (first time wetting)
CPFM 7b — Displaced structure/broken connections
CPFM 7c¢ — General site settiement
CPFM 7d — Piles buckling from down drag

Reasons for ruling out:

o The pile foundations are located below el. 971.0 ft. while the i'
approximate el. 992.0 ft. It is therefore logical to assum%athat%_,
foundation were prekusly wetted. e '

nal river level is at
ils ﬁq&ow the mat

fl _kwhich would

CPFM 10b — Displaced structure/broken connections 3
CPFM 10c — Additional lateral force on below-grade wa
CPFM 10d - Pile/pile group instability

Reasons for ruling out:

e The underlying soils were improved with:

e Temporary pumping equipment locate fghe 8oL iid .
produced minimal localized vxbratlon and*was gffset from the
deemed to have an mconsequemﬁ%lal effect. i

* Machine/vibration-indu '\huefactlon was

Thls is not a changed condition} ; eApx,x rary Building has been in

I3, gsy rs under ,aturated soils andxma%me vibration conditions.

; qua Dam penmeter
tructure and therefore is

force on below-grade walls
':‘stability

ey measurements show no structure movement. Therefore,
ttributed to this PFM did not occur.
ir¢ observed in the missile room was determined to be too shallow to

Is were improved with vibroflotation to reduce the risk of liquefaction.
Triggering Mechanism 12 — Rapid Drawdown

CPFM 12a — River bank slope failure and undermining surrounding structures

CPFM 12b — Lateral spreading

Reason for ruling out:

e The Auxiliary Building is located a sufficient distance away from the river bank and
therefore is outside the zone of influence of a bank slope failure.
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Triggering Mechanism 13 — Submergence
CPFM 13b — Corrosion of structural elements

Reasons for ruling out:

e The Auxiliary Building has not been subjected to corrosive circumstances that would be
considered beyond the normal conditions. The structure was protected from floodwater by
an Aqua Dam except during a short period of time when the AGua Dam failed due to being
damaged, which allowed floodwater to enter the area inside thg Dam perimeter..

Thls is not a changed condltlon due to the ﬂood Then ”’ux111a uﬂm‘ has been in
_"eviewed CQ

corrosion due to submergence.

Triggering Mechanism 14 — Frost Effects

Reason for ruling out:

e The Auxiliary Building foundation is app
frost susceptible. In addltlon,Jfrost-

undation slabs and camera recordings of broken drain piping
ersations with OPPD personnel indicate that groundwater

increased. The
pipes is one of tha

groundwater into this drain piping system through the breaks in the
"Distress Indicators discussed in Section 4. This drain pipe system was

designed as a closed system therefore, the pipes are not surrounded by appropnate filter
systems to preclude the transportation of soils from the surrounding area under the slab. It is
logical to assume that because the groundwater moves below the foundation and into the
broken piping, some movement of the soil has occurred. If these voids were to continue under
the Auxiliary Building, they could become large enough to create a loss of lateral support for
the piling.
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The Triggering Mechanism and CPFM could then occur as follows: multiple potentially
connected seepage paths could exist in the soil backfill at the site, including soil backfill in
utility trenches, granular trench bedding, and building floor drains with open/broken joints. The
paths could be exposed at some locations to the river floodwaters and high groundwater. This
network of seepage paths could be connected to the sump pit in the Turbine Building. The
breaks in the piping have been documented for an extended period (dating back to at least
1997), thus creating a continuous head differential on the potential seepage path networks.
Gradient has been sufficient to begin erosion of surrounding soil. e gradient during the 2011
flood was increased, which could have led to higher flows oug" "ﬂ“

repaired, which means the potential for further erosion =-mélns Eri_lg_w e
voids under the Turbine Building base slab and potentially, tmd%a‘& aé%nt v
including the Auxiliary Building. The potential damage 1n¢ S

piles leading to pile buckling, decreased pile capacity, an on failure.

The following table describes observed distress mdlcators a
decrease the potential for degradation associated wi

Impact More Likely)
A documented void exists under the foundation;;
slab of the Turbine Building with a known"
hydraulic connection between ground

’f’h & Jayggb‘éhr o observed signs of structural
% ﬁ%oor slab under the current
loading conditions.

Survey data to date does not identify movement
of the building.

rect Floodwater Impact

Indicators for “have been observed in the Turbine Building, which is adjacent to the
Auxiliary Buildin "he voids below the base slab in the Turbine Building are known to exist
with heavy flows of water being pumped from the sump. Because the 2011 flood caused
increased flow through the broken drain pipes, the potential that it caused further and more
rapid degradation due to this CPFM is high. It is possible that these voids extend under the
Auxiliary Building although the potential is low due to the vibro-compacted soils below the
Auxiliary Building.
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Implication

The occurrence of this CPFM on a large scale could negatively impact the capacity of the piling
supporting the building. This could lead to excessive foundation movement and negatively
impact the integrity or intended function of the Auxiliary Building. Therefore, the implication
of the potential degradation for this CPFM is high.

Confidence

The extent of subsurface erosion and its potential impact.gnithe buils known due to

the lack of data gathered on subsurface conditions. Beg ’ i e augh information on
the subsurface conditions at this time, and the pumpingfingt
caused subsurface erosion, the confidence for this CPF

Summary

¥

lected are not
ove assessment is low,
necessary to draw a

T
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5.2.5 Results and Conclusions

The CPFM evaluated for the Auxiliary Building is presented in the following matrix, which shows the
rating for the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Data) (Sufficient Data)

CPFM 3b

Potential
for Failure
Significant

Potential
for Failure
Not Significant

ical modlﬁcatlons are recommended to address CPFM 3b for

'“elf'rforensw investigations and p|
iated with unfiltered flow of groundwater into the Turbine

hary Bu1ldmg CPFM 3bis

previously 1dent1'f gets on, h
of structure dlstres\%an __i:ma,_

should be performed week_ or 4 weeks and biweekly until December 31, 2011. At the time of
Revision 0, groundwater levels had not yet stabilized to nominal normal levels. Therefore, it is
possible that new distress indicators could still develop. If new distress indicators are observed before
December 31, 2011, appropriate HDR personnel should be notified immediately to determine whether
an immediate inspection or assessment should be conducted. Observation of new distress indicators
might result in a modification of the recommendations for this structure.
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5.2.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
incomplete in Revision 0 because the forensic investigation and/or monitoring for most of the

Priority 1 Structures was not completed by the submittal date. This revision of this Assessment Report
includes the results of additional forensic investigation and monitoring to date for this structure as
described below.

5.2.7.1 Additional Data Available

The following additional data were avatilable for the A%y}-laxy Buj
of this Assessment Report: B y

o X
t?éﬁom OPPD.
chment 6).

W
The followmg analysis of additign: d"%a was conducted for the Auxiliary Building:

S-rﬁerformed around the outside perimeter of the
_%omahes that could be gravel, soft clay, loose sand, or

investigatio hore holes were located to penetrate the deep anomalies identified in the
seismic inves atlon The test boring data did not show any piping voids or very soft/very
loose conditions that might be indicative of subsurface erosion/piping or related material
loss or movement.

All of the SPT and CPT test results conducted for this Assessment Report were compared
to similar data from numerous other geotechnical investigations that have been conducted
on the FCS site in previous years. This comparison did not identify substantial changes to
the soil strength and stiffness over that time period. SPT and CPT test results were not
performed in the top 10 feet to protect existing utilities.
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Data from inclinometers to date, compared to the original baseline measurements, have not
exceeded the accuracy range of the inclinometers. Therefore, deformation at the monitored
locations since the instaliation of the instrumentation has not occurred.

e Results of continued survey by Lamp Rynearson and Associates.
Survey data to date compared to the original baseline surveys have not exceeded the

accuracy range of the surveying equipment. Therefore, defo atlon at the monitored
locations, since the survey baseline was shot, has not oceurre

Te analyze_‘ Belop, based on the

it

) The CPFMs that could not be ruled out in Revisionﬁ)

Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3b — Loss of lateral support for pile foundat'ioqﬂg

1t1ona1 foren
K DI #1 ar‘e%
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5.2.7.3 Revised Results

The CPFM evaluated for the Auxiliary Building is presented in the following matrix, which
- shows the rating for the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Data) (Sufficient Data)

b v

Potential
for Failure
Significant

. Potential
for Failure
Not Significant

W
4
tures, the first step was to develop a list of all Triggering

have occurred due to the prolonged inundation of the FCS
1 flood and could have negatively impacted these structures.

ge igation and/or physical modifications to remove them from the

larg g:%%re. Because all CPFMs for the Auxiliary Building other than
CPFM 3b had B@é}:‘f‘e:%? out prior to Revision 1, and because CPFM 3b will be ruled out when
the physical modifications recommended for KDI #1 in Section 4.1 are implemented, no
Triggering Mechanisms and their associated PFMs will remain credible for the Auxiliary
Building. HDR has concluded that the geotechnical and structural impacts of the 2011
Missouri River flood will be mitigated by the implementation of the physical modifications
recommended in this Assessment Report. Therefore, after the implementation of the
recommended physical modifications, the potential for failure of this structure due to the flood
will not be significant.



Section 5.3

Containment




Priority 1 Structures Page 5.3-1
Containment Rev. 2

5.3 Containment
5.3.1 Summary of Containment

Baseline information for the Containment is provided in Section 2.0, Site Htstory, Description, and

Baseline Condition.
A

The Containment is surrounded by the Auxiliary Building on the north, €
portion of the south side. The Containment basement top-of-slabglevations (5. ft below the reactor
and 991 ft along the perimeter. A tunnel is located around the perimieter bel W the'slab to access the

post-tension cables (stressing gallery). The floor elevation of na essing Gallery; 1§?aﬁbout 969 ft. The
basement floor elevation of the Auxiliary Building where the Ce e/ adjoms if
971 to 1004 ft. The outside grade is approximately at el. 1004 ft. :

d west sides, and on a

extending into sound bedrock. Where solutlon cavities were located belo :

underreamed and extended past the cavities. The ptles ﬁll Md' 'th sand Ltpﬁt

constant with each pile circle 5 ft closer to the cegte :
the center of the building. The stressing gallery tunngl is not suported 5

i

5 %
e A

The mat foundatlon isa10- to 12-ft- thncﬁﬁ ncrete?:.:' ab reififorced w1th two Ia

Date - Page Number(s)

Condition Report. 6/23/2011 All

Condition Report 'R 2011-5763 6/23/2011 All
-| Condition Report CR 2011-5792 6/24/2011 All

Condition Report CR 2011-7265 9/9/2011 All

System Design Basis Document SDBD-CONT-501, Rev 32 | 9/30/2010

Piling Plan Containment & 11405-S-1 (#16380) 5/6/1968

Auxiliary Building

Structure Inspection SE-PM-AE-1004 7/16/2009 All

Naval Facilities Engineering 9/1986 All

Command, Design Manual 7.01,

Soil Mechanics




Priority 1 Structures Page 5.3-2
Containment Rev. 2

Detailed site observations—field reports, field notes, and inspection checklists—for the Containment
are provided in Attachment 8.

Observed performance and pertinent background data are as follows:

* A sand boil/piping feature was observed (originally reported in CR 2011-7265) near the southwest
corner of the Missile Shield Room. This room is located on the outSJde of the south wall of the
Auxiliary Building (common wall to both spaces) and has an unﬁmshe d, pea gravel floor surface.
Ingress/egress can be gained only from Door 45, located outmdegthe Aux‘ liary, Bg}rldmg (there is no
connecting doorway between the Missile Shield Room and th(%%djacent«&umhqry Building). This
feature was measured using a hand tape measure and vertlc, probed ugi?hm4 ft- long, 0.5-in.-
diameter, steel-tipped fiberglass T-handle soil probe (commor %%W ] %’

Fleld measurements indicated that the feature is about 3.5 ft%%ﬁlam

Auxiliary Bulldmg, runs through the subsurface exte
b011/p1p1ng feature,

y ary ulldmg The gallery provxdes access
trands and run%%’ %E%nzfve perxmeter of the Containment.
arge amount of water in low level areas of the ﬂoor

dwater for the majority of the 2011 flood by an Aqua Dam;
i:$hort period of time due to being damaged, allowing

53.3.1 Assesstent Procedures Accomplished
Assessments of the Containment included the following:

¢ Visual inspection of the interior of the Containment’s lowest levels (perimeter rooms only).
Visual inspection of other interior rooms is not necessary to provide report results.
Visual inspection of the exposed, above-grade exterior of the structure.

e Visual inspection of sumps in the stressing gallery for the presence of water, the water
level, and the presence of sediment in the water.
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e An assessment of collected survey data to date for indications of trends in the movement of
the structure.

e A review of previously documented condition reports, as-built building plans, and
geotechnical reports to determine possible weak pomts in the Containment’s construction
that could be affected by the 2011 flood.

Additional investigations were performed. These included the followmg non- invasive
geophysical and invasive geotechnical investigations:

at the time of Revision 0.)

5.3.3.2 Assessment Procedures Not Complej

5.3.4 Analysis

Identified PFMs were initially reviewed
preliminary information available from ,
C tTnggermg M

determined to be
he remaining PFMs were

2 icture, the structure observations,
and the resul; ) @V&ﬁ%&t&hnmal%g% p. hy51cal and survey ey data were analyzed, a number of
CPFMs werdirilgaront a5 dlscussed in Secﬁ%‘ﬁ"

e

e It was evident from the site inspection that no surface erosion occurred in the vicinity of the
Containment.
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Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3e — Loss of lateral support for pil¢ foundation (due to river drawdown)

'Reaso_n' for ruling out:

e The structure is a sufﬁc1ent distance from the river to be outside the zone of influence of the
CPFM.

Triggering Mechanism 4 — Hydrostatic Lateral Loadin
CPFM 4c — Wall failure in flexure
CPFM 4d — Wall failure in shear
CPFM 4e — Excess deflection

dingzion structures) -

A2
l %
g (wate

Reasons for ruling out:

/
o The Containment is designed to withstand an external’ water 0_ 0.5\;
Missouri River to el. 1014 ft (see SDBD CONT 501, Rev 32). ﬂ‘he peak flood elevation in
i€ ,an- ithe structu;gﬁaemgn basxs

CPFM.

Triggering Mechanism 5 — Hydrodynamic
CPFM 5a — Overturning s

CPFM 5b - Sliding

CPFM 5c¢ — Wall failure i

Triggering Mecha m 6 — Buoyancy, Uplift Forces on Structures
CPFM 6a — Fail tension piles
CPFM 6b — Cracked slab, loss of structural support
CPFM 6c¢ — Displaced structure/broken connections

Reasons for ruling out:

e The Containment is designed to withstand an external water load due to flooding of the
Missouri River to el. 1014 ft (see SDBD-CONT-501, Rev 32). The peak flood elevation in
2011 was approximately 1006.9 ft, which is less than the structural design basis.
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e Visual observations and survey measurements indicate no structure movement. Therefore,
it is unlikely that the tension piles failed (CPFM 6a) or that the structure was displaced or
damaged (CPFM 6c) due to buoyancy effects.

Triggering Mechanism 7 — Soil Collapse (first time wetting)
CPFM 7b — Displaced structure/broken connections
CPFM 7c — General site settlement
CPFM 7d — Piles buckling from down drag

Reasons for ruling out:

o The pile foundations are located below el. 979.0 ft, \
approximate el. 992.0 ft. Therefore it is logical to ass
foundation have been previously wetted.

The underlyingsoils were improved with vibroflotation to reduce the risk of liquefaction.

e The sandboil/piping feature observed in the missile room of the Auxiliary Building was
determined to be too shallow to be significant.

e Visual observations and survey measurements indicate no structure movement. Therefore,

degradation that can be attributed to this PFM did not occur.
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Triggering Mechanism 12 — Rapid Drawdown
CPFM 12a - River bank slope failure and undermining surrounding structures
CPFM 12b — Lateral spreading

Reason for ruling out:

e The Containment is located a sufficient distance away from the nverbank and therefore is
outside the zone of influence of a bank slope failure.

Triggering Mechanism 13 — Submergence
CPFM 13b — Corrosion of structural elements

Reasons for ruling out:

considered beyond the normal conditions. The structure wasm
an Aqua Dam except during a short period of tlmem»;/hen the A

original desrgn of the facility.
e This is not a changed condition due to
38 years under similar saturated soils.
indicated signs of distress thauw‘éu

The Turbine Building, which is adjacent to the Containment, has a documented history of a
void below the foundation slab dating back to 1997. This void was confirmed via cored holes
in the foundation slabs and camera recordings of broken drain piping that lies under the floor
slab. Conversations with OPPD personnel indicate that groundwater has been flowing at
varying rates through these broken pipes into the sump from that time to the present day. The
rate of flow into the sump is directly related to the hydraulic head of the groundwater. As the
floodwater increased in elevation across the facility, observed flow rates increased. The flow of
groundwater into this drain piping system through the breaks in the pipes is one of the Key
Distress Indicators discussed in Section 4. This drain pipe system was designed as a closed



Priority 1 Structures Page 5.3-7
Containment Rev. 2

system; therefore, the pipes are not surrounded by appropriate filter systems to preclude the
transportation of soils from the surrounding area under the slab. It is possible to assume that
because the groundwater moves below the foundation and into the broken piping, some
movement of the soil has occurred. If these voids were to continue under the Containment,
they could become large enough to create a loss of lateral support for the piling.

The Tnggenng Mechanism and CPFM could then occur as follows multiple potentially
connected seepage paths could exist in the soil backfill at the sﬂe,mcludmg so1l backﬁll in
utility trenches, granular trench bedding, and building flo ; '
paths could be exposed at some locations to the river flo

breaks in the piping have been documented for an exten
1997) thus creatmg a contmuous head d1fferent1al on thé:

2011 flood was increased, which could have led to hlgher'@'ﬁo%‘ﬁf%
networks The unﬁltered seepage condltlon will remam ur‘ftﬂ th

Adverse (DegradatlonlDlrec (DegradatuonIDlrect

o_odwater Impact Less leely)

é&!oodwater

compacted to the requirements under the Class |
structures (vibroflotation). This higher density
granular material is less susceptible to erosion.
There have been no observed signs of structural

“distress in the floor slab under the current
loading conditions.

Surveyed elevations for the foundations show no
significant signs of movement.

The bottom of the mat foundation is about 10 ft
lower in elevation than the bottom of the Turbine
Building mat foundation, making it unlikely that
voids migrated below the Containment
foundation.

Data Gaps:
e The presence, size, and location of the voids below the foundation slab
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Conclusion
Significance
Potential for Degradation/Direct Floodwater Impact

Indicators for this CPFM have been observed in the Turbine Building, which is near the
Containment. The v01ds below the base slab in the Turbine Bu11d1ng are known to ex1st with

rapid degradation due to this CPF M is high. Itis posm{ ‘
extend under the Auxiliary Bulldmg and to the Contammen'{t mat fg nﬁa“’t\lonf“-"
] d'i"ng and the*Contamment and

.

The occurrence of th1s CPFM on a large scale cquld%fnegauvely impactitheseapacity of the piling

CPFM is low.

Conﬁdence

he Turbine Building could have
> for this CPFM is low.

' , the poten 4l for degradatlon is low because the pumping in
have caused enough erosion to 1mpact the mtegnty or

'eould impact the integrity or intended function of the
ratlon of the potentlal for degradatlon and the implications of

sufficient to rule out this CPFM. Therefore, the conﬁdence in the
hich means more data and/or continued monitoring and inspections
conclusion.

above assessm m"
are necessary to dra
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5.3.5 Results and Conclusions

The CPFM evaluated for the Containment is presented in the following matrix, which shows the rating
for the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Data) ' (Sufﬁcient& Data)

Potential
for Failure
Significant

CPFM 3b

Potential
for Failure
Not Significant

implemented to defer;m
should be notified and't
necessary.

Continued monitoring is recommended to include a continuation of the elevation surveys of the
previously identified targets on this structure and surrounding site. The purpose is to monitor for signs
of structure distress and movement or changes in soil conditions around the structure. The results of
this monitoring increase the confidence in the assessment results. Elevation surveys should be
performed weekly for 4 weeks and biweekly until December 31, 2011. At the time of Revision 0,
groundwater levels had not yet stabilized to nominal normal levels. Therefore, it is possible that new
distress indicators could still develop. If any new distress indicators are observed before December 31,
2011, appropriate HDR personnel should be notified immediately to determine whether an immediate
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inspection or assessment should be conducted. Observation of any new distress indicators might result
in a modification of the recommendations for this structure.

5.3.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
mcomplete in Revision 0 because the forensic mvestlgatwn and/or momté\mng for most of the

described below.

5.3.7.1 Additional Data Available

Results of geophysical investigation by G&e, , ;
Results of geotechnical investigation bygk 1e e Geote
Data obtained from mchnometers by "[‘hlele Geotec :

loss or movglgcng«

All of the SPT and CPT test results conducted for this Assessment Report were compared
to similar data from numerous other geotechnical investigations that have been conducted
on the FCS site in previous years. This comparison did not identify substantial changes to
the soil strength and stiffness over that time period. SPT and CPT test results were not
performed in the top 10 feet to protect existing utilities.
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Data from inclinometers to date, compared to the original baseline measurements, have not
exceeded the accuracy range of the inclinometers. Therefore, deformation at the monitored
locations since the installation of the instrumentation has not occurred.

e Results of continued survey by Lamp Rynearson and Associates.

Survey data to date compared to the ongmal baseline surveys have not exceeded the -
accuracy range of the surveying equlpment Therefore, deformiation at the monitored

Triggering Mechanism 3 — Subsurface Erosion/Piping "
. CPFM 3b — Loss of lateral support for pile foundatio

CPFM 3b for the Contamment is assomated w1th Key Dlstress In "Gat@ ,ll‘. Section 47t
ito ascertain whether

ent iﬁed th:ough‘ffhe monitoring

ruled out. Therefore, assuming that no fulgx W
' continuing untll December 31,

program for the Contamment (dlscussed i} nd
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5.3.7.1 Revised Results

The CPFM evaluated for the Containment is presented in the following matrix, which shows
the rating for the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Data) (Sufficient Data)

Potential
for Failure
Significant

Potential
for Failure
Not Significant

tures, the first step was to develop a list of all Triggering

physical modifications recommended for KDI #1 in Section 4.1 are implemented, no
Triggering Mechanisms and their associated PFMs will remain credible for the Containment.
HDR has concluded that the geotechnical and structural impacts of the 2011 Missouri River
flood will be mitigated by the implementation of the physical modifications recommended in
this Assessment Report. Therefore, after the implementation of the recommended physical
modifications, the potential for failure of this structure due to the flood will not be significant.



Section 5.4
Rad Waste Building
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5.4 Rad Waste Building
5.4.1 Summary of Rad Waste Building

Baseline information for the Rad Waste Building is provided in Section 2.0, Site History, Description,
and Baseline Condition.

The Rad Waste Building is a single-story, rectangular-shaped build gg W th-:%p
73 by 175 ft. The building was added onto the south side of the ___;,Eux%jhary ‘Buildin
supported by a steel moment frame that transfers the load to a gtru :
walls consist of precast panels and interior walls consist of ma;

el. 1002 to 1004 ft. This would suggest placement of about 20 ft of backf“ll}‘ :
Building wall and minimal placement of additional fill Biih, demgn gr}& ‘
as about 4 ft would have been necessary where the top-of:

Page Number(s)

10/03/1988

10/03/1988

Unknown

Unknown

Unknown

9/1986

Observed performance and pertinent background data are as follows:

Vibrofloation was not documented to have been performed below the structure.

The electrical ductbank located inside the Rad Waste Building was present prior to construction.
The sump in the truck bay did not have groundwater infiltration at the time of the field assessment.
The structure was protected from floodwater for the majority of the 2011 flood by an Aqua Dam;
however, the Aqua Dam failed for a short period of time due to being damaged, allowing
floodwater to enter the area inside the Aqua Dam perimeter. This incident resulted in the flooding
of the truck bay. Floodwater flowed into the sump until the temporary flood barrier was installed.
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e Water that is pumped from the sumps is documented and stored.

e Hairline and stair-step cracking was observed in the masonry walls at various locations. It is
unclear whether these cracks were present prior to the 2011 flood.

The structure is designated as a Class I (seismic) structure in accordance with OPPD.

No incident report summaries or inspection records are available for this structure.

No design basis summary document is available for this structure. -

General observations of the interior of the structure were limited by the acce531b111ty in certain
rooms.

5.4.3 Assessment Methods and Procedures

5.4.3.1 Assessment Procedures Accomplished

e Visual inspection of the accessible areas of the interior 6f the's e
Visual inspection of the accessible exterior of_ th tructure

test holes to avoid utility conflicts. Therefore, test
upper 10 ft of test boring logs. (Test reports

Identified PFMs we
preliminary information lable from OPPD data files and from initial walk-down observations.
Eleven PFM:s associated with five different Triggering Mechanisms were determined to be
“non-credible” for all Priority 1 Structures, as discussed in Section 3.6. The remaining PFMs were
carried forward as “credible.” After the design review for each structure, the structure observations,
and the results of available geotechnical, geophysical, and survey data were analyzed, a number of
CPFMs were ruled out as discussed in Section 5.4.4.1. The CPFMs carried forward for detailed
assessment are discussed in Section 5.4.4.2.
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5.4.4.1 Potential Failure Modes Ruled Out Prior to the Completion of the Detailed
Assessment :

The ruled-out CPFMs reside in the Not Significant/High Confidence category and for clarity
will not be shown in the Potential for Failure/Confidence matrix.

Triggering Mechanism 2 — Surface Erosion
CPFM 2a — Undermining shallow foundation/slab/surfaces

Reasons for ruling out:

e The structure was protected from the floodwater by,_‘%
period of time when the Aqua Dam failed due to bel%_'

to enter the area inside the Aqua Dam perimeter. -
e Surface erosion was not identified near the structure dutingd

Triggering Mechanism 3 — Subsurface Erosion/PigLn!__g
CPFM 3a - Undermining and settlement of shallowsfoundation/sl

pumping)

Reason for ruling out:

e The structure is a sufficient distance fror
zone of influence of the CPEM b

& river to be outside the zone of influence of the

gering Mechanism 4 — HA drostatic Lateral Loading (water loading on structures)

- M 4a — Overturning

Reasons for ruling out:

e The Rad Waste Building is designed to withstand an external water load due to flooding of
the Missouri River to el. 1007 ft. The peak flood elevation in 2011 was approximately
1006.9 ft.

e Visual observation did not identify distress to the structure that can be attributed to this
CPFM.
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Triggering Mechanism 5 — Hydrodynamic Loading
CPFM 5a — Overturning
CPEM 5b - Sliding
CPFM 5c¢ — Wall failure in flexure
CPFM 5d — Wall failure in shear
CPFM S5e — Damage by debris
CPFM 5f— Excess deflection

Reasons for ruling out:

period of time when the Aqua Dam failed due to beinie]
to enter the area inside the Aqua Dam perimeter. '

e Visual observation did not identify distress to the st
CPFM.

achine/Vibration-Induced Liquefaction
ifferential settlement of shallow foundation, loss of structural

J d structure/broken connections
CPFM 10c - A‘ddmonal lateral force on below-grade walls

Reason for ruling out:

e Machine/vibration-induced liquefaction was not observed to have occurred at the site.
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Triggering Mechanism 11 — Loss of Soil Strength due to Static Liquefaction or Upward
Seepage

CPFM 11a - Cracked slab, differential settlement of shallow foundation, loss of structural

support
CPFM 11b - Displaced structure/broken connections
CPFM 11c¢ — Additional lateral force on below-grade walls

Reason for ruling out:

e Machine/vibration-induced liquefaction was not obs

Triggering Mechanism 12 — Rapid Drawdown
CPFM 12a — River bank slope failure and undermin
CPFM 12b — Lateral spreading

Reason for ruling out:

e The Rad Waste Building is a sufficient dlstanc
influence of the CPFM.

7a - Cracked slab,¢
support A

Portions of the: uilding are supported on a differential thickness of backfill and
new fill-placed al ngf(the Auxiliary Building exterior wall. The thickness of a portion of this
fill could be up to “about 20 ft thick.

This Triggering Mechanism and CPFM could then occur as follows: the rise of the
groundwater elevation associated with the flooding, in addition to the flooding that occurred
when the Aqua Dam failed due to being damaged, could have resulted in the first time wetting
of a portion of this backfill. When sandy soils are wetted, the water acts like a lubricant,
allowing the sand particles to rearrange. When clayey soils are wetted, the water reacts with
the clay, causing it to slake. When cemented soils are wetted, the water dissolves the cement,
allowing the particles to rearrange.
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Previous floods since backfilling of the Auxiliary Building wall have been as high as about
el. 1004 ft. Rise in groundwater elevations during previous floods could have previously
wetted portions.of the backfill.

The following table describes observed distress indicators and other data that would increase or
decrease the potential for degradation associated with this CPFM for the Rad Waste Building.

Adverse (Degradation/Direct Favorable (Degradation/Direct Floodwater
Floodwater Impact More Likely) Ir_p_pact,fLess leel )
Hairline and stair-step cracking of the Previous ﬂoods It : Wit

masonry walls was observed.

Data Gaps

Conclusion

'Siggiﬁcan_ce‘

The presence of thick fills belo
degradation due to these CP N

edona mat’feundation that can tolerate moderate
ess of fill that potentially was wetted from the 2011 flood is
f this CPFM is not expected to negatlvely impact the

The available data ot sufficient to rule out these CPFMs or lead to a conclusion that the
Rad Waste Bulldmgf oundations might have been impacted because of the CPFMs. Therefore,
the confidence in the above assessment is low, which means more data are necessary to draw a
conclusion.

Summary

For CPFMs 7a and 7b, as discussed above, the potential for degradation is high. However, this
degradation is expected to be relatively small due to previous wetting. Therefore, the combined
consideration of the potential for degradation and the implications of that degradation to a
structure of this type puts it in the “not significant” category. The data currently collected are
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not sufficient to rule out this CPFM. Therefore, the confidence in the above assessment is
“low,” which means more data or continued monitoring and inspections might be necessary to
draw a final conclusion.

5.4.5 Results and Conclusions

The CPFMs evaluated for the Rad Waste Building are presented in the fol}owmg matrix, which shows
the rating for the estimated significance and the level of confidence in the¢yaluation.

Low Confidence
(Insufficient Data)

Potential
for Failure
Significant

CPFM 7a
CPFM 7b

monitoring will be U ¢ the confidence in the assessment results. Elevation surveys should
be performed weekly for: and biweekly until December 31, 2011. At the time of Revision 0,
groundwater levels had no ét stabilized to nominal normal levels. Therefore, it is possible that néw
distress indicators could still develop. If new distress indicators are observed before December 31,
2011, appropriate HDR personnel should be notified immediately to determine whether an immediate
inspection or assessment should be conducted. Observation of new distress indicators might result in a
modification of the recommendations for this structure.

5.4.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
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incomplete in Revision 0 because the forensic investigation and/or monitoring for most of the Priority
1 Structures was not completed by the submittal date. This revision of this Assessment Report
includes the results of additional forensic investigation and monitoring to date for this structure as
described below.

5.4.7.1 Additional Data Available

The following additional data were available for the Rad Waste Bpui
of this Assessment Report:

ding for Revisions 1 and 2

. F oundation drawings that show the Rad Waste mat ; 1dation supported,by step-tapered

Results of geotechnical investigation by Thiele Geotech 6)n,
Data obtained from inclinometers by Thiele Geotech, dnct éﬁttachment 6). s
Results of continued survey by Lamp Rynearson-and A‘Ssoc1a es (B Attachmeﬁf% it

5.4.7.2 Potential Failure Modes Ruled O
Assessment

The CPFMs ruled out in Section 5.4.4.1 w
Building was supported by a grade- -Suppo
Revision 1 shows the mat foundatiofit
ruled-out CPFMs based on the adl

flom the floodwater by an Aqua Dam except during a short
'%am falled due to being damaged, which allowed floodwater

CPFM 3b — Lossiof lateral support for pile foundation (due to pumping)

Reason for ruling out:

e The structure is a sufficient distance from the known pumping locations to be outside the
zone of influence of the PFM.
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Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3e - Loss of lateral support for pile foundation (due to river drawdown)

Reason_for ruling out:

e The structure is a sufficient distance from the river to be outside the zone of influence of the
PFM.

CPFM 6a — Fail tension piles

Reason for ruling out:

Triggering Mechanism 10 - Machine/V ibration-Induced’Lig
CPFM 10d - Pile/pile group instability

Reason for ruling out:
e Machine/vibration-induced liquefaction"
Triggering Mechanism 11 — Loss of,
Seepage 4

CPFM 11d - Pile/pile group

Reason for ruling out:

Six test borings were drilled, with continuous sampling of the soil encountered, to ground
truth the Geotechnology, Inc. seismic investigation results as part of the KDI #2 forensic
investigation. Test bore holes were located to penetrate the deep anomalies identified in the
seismic investigation. The test boring data did not show any piping voids or very soft/very
loose conditions that might be indicative of subsurface erosion/piping or related material
loss or movement.

All of the SPT and CPT test results conducted for this Assessment Report were compared
to similar data from numerous other geotechnical investigations that have been conducted
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on the FCS site in previous years. This comparison did not identify substantial changes to
the soil strength and stiffness over that time period. SPT and CPT test results were not
performed in the top 10 feet to protect existing utilities.

Data from inclinometers to date, compared to the original baseline measurements, have not
exceeded the accuracy range of the inclinometers. Therefore, deformation at the monitored
locations since the installation of the instrumentation has not oz_gcurred.

Survey data to date compared to the original basehn%ﬂur\%eys hayeno %geeded the

accuracy range of the surveying equlpment Thereforedeform.

am 'falled due to being
fthis backfill. When sandy

1.004 ft. Risein gro‘ui\‘*é'f‘ff
ed portions of the backfi

duration, the pote that the 2011 flood caused further degradation due to the CPFM is high.

Implication

The structures supported on the grade would settle while structures supported by piles would
not. This could result in a “pinch-point at the interface of the non-pile supported and pile
supported structures. Depending on the flexibility of the interface connection and the
magnitude of settlement, the occurrence of the CPFM could impact the performance of the
structure negatively. The amount of settlement due to collapse of the upper 3 ft of fill is
negligible. Therefore, the implication of the potential degradation for the CPFM is low.
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Confidence

The available data lead to a conclusion that the Rad Waste Building was not impacted by the
CPFM. Therefore, the confidence in the above assessment is high.

Summary

h. However, this
Therefore, the combined
*gradation to a

ly collected are
Sessment is

For CPFM 7b as discussed above, the potential for degradation is ki
degradation is expected to be relatively small due to previous wet
consideration of the potential for degradation and the imp. ;g?f“lons
structure of this type put it in the “not significant” categ

sufficient to rule out these CPFMs. Therefore, the confi
“high.” -

CPFM 7d — Piles bucklmg from down drag

Portions of the Rad Waste Building are supportedeiiaidifferenti Gk of backfill and
new fill placed along the Auxiliary Building exferionwa ;
fill could be up to about 20 ft thick. The HM groungw, ter elevation a
flooding, in addition to the ﬂoodmg that ogeur ed Whe%ﬁ Aaual

soils are wetted the water acts 11k
clayey soils are wetted the water

The amount of d(;%%%%rag force that would be applied to the piles due to collapse of the upper 3
ft of fill is negligible. The occurrence of the CPFM is not expected to impact the performance
of the mat foundation negatively. Therefore, the implication of the potential degradation for
the CPFM is low.

Confidence

The available data lead to a conclusion that the Rad Waste Building foundation was not
impacted by the CPFM. Therefore, the confidence in the above assessment is high.
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Summary

For CPFM 7d, as discussed above, the potential for degradation is high. However, this
~degradation is expected to be relatively small due to previous wetting. Therefore, the combined
consideration of the potential for degradation and the implications of that degradation to a
structure of this type put it in the “not significant” category. The data currently collected are
sufficient to rule out the CPFM. Therefore, the confidence in the above assessment is “high.”

54.7.1 Revised Results

The CPFM evaluated for the Rad Waste Building is pre§
shows the rating for the estimated significance and the
CPFMs 7b and 7d for the Rad Waste Building are not as;
The results of the additional forensic investigation show thatithe
Therefore, assuming that no further concerns are 1dent1ﬁe§=- ige] '/‘gt
the Rad Waste Building (discussed in Section 5.4.6 and continu

these CPFMs are placed in the quadrant of the matr epresentmg

2
5

for Failiire

CPFM 7b
CPFM 7d

ficant

Pot
ret
igni

fo
Not:S
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5.47.2 Conclusions

In the assessment of the FCS Structures, the first step was to develop a list of all Triggering

" Mechanisms and PFMs that could have occurred due to the prolonged inundation of the FCS
site during the 2011 Missouri River flood and could have negatively impacted these structures.
The next step was to use data from various investigations, including systematic observation of
the structures over time, either to eliminate the Triggering Mechanisms and PFMs from the list
or to recommend further investigation and/or physical modificatigns.to remove them from the
list for any particular structure. Because all CPFMs for theRad \@Wwé Bua‘ldmg other than
CPFMs 7b and 7d had been ruled out prior to Revision 1¢ ;g 'ecﬁége REMs 7b and 7d have
been ruled outas a result of the Revision 1 findings, no”Trlggering _ ech"anisms and their

significant.



Section 5.5

T

3

Technical Support Center




Priority 1 Structures Page 5.5-1
Technical Support Center ' Rev. 2

5.5 Technical Support Center
5.51 Summéry of Technical Support Center

Baseline information for the Technical Support Center is provided in Section 2.0, Site History,
Description, and Baseline Condition.

5.5.2 Inputs/References Supporting the Analysis

‘Table 5.5-1 lists references provided by OPPD and other docu HDR’s analysis.

Table 5.5-1 - References for TechnicaliStip;

Document Title OPPD Document]
Number ,
(if applicable) “i#;

Mat-Plan Sections and Details 4778-293-404-001
' (#31553)  _«mmm

Foundation Walls el. 1005 ft

Sections and Details

Naval Facilities Engineering Command,
Design Manual 7.01, Soil Mechanics

m with a basement.

I (seismic) structure in accordance with OPPD.

for Phase 1 consigi§/ef a 2.0-ft minimum thickness rigid structural mat slab with

2 algvatlon of 100z o (see drawing 4778-293-404-001). Finished floor elevation is

s 3‘fach1eved ’ﬁgmgh the use of an architectural false floor or concrete fill,

erepeaific l’(g‘c“§l€

e The foundatlon for 0n51sts of simple wall footings and stem walls and a slab-on-grade
with top-of-concrete 1on of 1005.0 ft (see drawing 4778-293-405-002).

¢ The superstructure for Phase I consists of cast-in-place concrete walls and roof slab. The roof
system is a membrane roof with tapered insulation (see drawing 4778-293-108-001).

¢ The superstructure for Phase 2 consists of concrete masonry walls. The roof is an open-webbed
joist system with concrete slab on metal deck. The roof system is the same as for Phase 1 (see
drawing 4778-293-108-001).

e The drawings indicate a 1-in.-wide expansion joint at the floor and roof elevations (see drawing
4778-293-108-001).

e This structure, along with the surrounding buildings, was protected from the 2011 flood by an
Aqua Dam. It is possible that the foundations for this structure were subjected to high groundwater

N
top- of—cg‘ﬁﬁége
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pressure equal to the flood elevation. The maximum flood elevation at the Aqua Dam near the
Technical Support Center was approximately el. 1007 ft. No incident report summaries or
inspection records are available for this structure.

e No design basis summary document is available for this structure.

o General observations of the interior of the structure were limited by the accessibility of certain
rooms. In addition, many areas have architectural walls and ceilings that limit visual observations.

e Where the concrete slab was accessible, there were no signs of cracki?,g, movement, or water
infiltration at the time of this inspection. g

e Indications of structural distress in many areas were limited t
the architectural treatments such as gypsum board walls andj
within the architectural systems.

o Sandbags were stacked within the corridor outside the mecha
was no sign of water infiltration through slab joints at the tim

e Voids were found below the slab in the Turbine Building, wh
Technical Support Center. For further information, see Secti SHp.
this Key Distress Indicator is presented in Section 4.1.

5.5.3.1 Assessment Proced

Assessments of the Technice

3

5e leted
%‘s’%{’

Baseline survey with periol

g’eview indicating trends in the top of concrete. This was not
mpleted because the st

¢ is surrounded by other structures and was not directly

Identified PFMs were initially reviewed as discussed in Section 3.0. The review considered the
preliminary information available from OPPD data files and from initial walk-down observations.
Eleven PFMs associated with five different Triggering Mechanisms were determined to be
“non-credible” for all Priority 1 Structures, as discussed in Section 3.6. The remaining PFMs were
carried forward as “credible.” After the design review for each structure, the structure observations,
and the results of available geotechnical, geophysical, and survey data were analyzed, a number of
CPFMs were ruled out as discussed in Section 5.5.4.1. The CPFMs carried forward for detailed
assessment are discussed in Section 5.5.4.2.
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5.5.4.1 Potential Failure Modes Ruled Out Prior to the Completion of the Detailed
Assessment

The ruled-out CPFMs reside in the Not Significant/High Confidence category and for clarity
will not be shown in the Potential for Failure/Confidence matrix.

Triggering Mechanism 2 — Surface Erosion
CPFM 2a — Undermining shallow foundation/slab/surfaces

Reason for ruling out:

e The Technical Support Center is completely surro St es.and is therefore
not subjected to surface erosion. wE j '

Reason for ruling out:

e The Technical Support Center is not neagth
structures and is therefore not subjectedio:

support
CPFM 10b - Dlsplace S

Reason for ruling:eut:
v

e Static liquefaction was not observed on site in the vicinity of the Technical Support Center
and surrounding structures.

Triggering Mechanism 12 — Rapid Drawdown
CPFM 12a - River bank slope failure and undermining surrounding structures
CPFM 12b - Lateral spreading

Reason for ruling out:
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e The Technical Support Center is located a sufficient distance away from the river bank and
therefore is outside the zone of influence of a bank slope failure or lateral spreading.

Triggering Mechanism 14 — Frost Effects
CPFM 14a — Heaving, crushing, or displacement

Reasons for ruling out:

e The Technical Support Center foundation system is bel
building is a heated structure. The building will not bE'S
Therefore, frost effects have been discounted. -

The following CPFMs are the only CPFMs carried forward fordet:
Technical Support Center as a result of the 2011 flood. Th{s’ﬁ ta"'é =
below.

1;L‘Support Center, has
H‘to‘*‘l 997. This v01d was .

% ) Q{ are not s _fl'unded by appropriate filter systems to prectude
s surrounding area under the slab. It is loglcal to assume that
ow the foundation and into the broken piping, some

If these voids were to continue under the Technical

¢ enough to undermine the shallow foundations or slab on

’ ug\e the groundwater move_
versient of the soil has occuts

potential for furt e ¢er01on remains. Erosion could extend out, creatmg large voids under the
Turbine Building mat foundation and ultimately under the Technical Support Center
Foundation.

The following table describes observed distress indicators and other data that would increase or
decrease the potential for degradation associated with this CPFM for the Technical Support
Center.

Adverse (Degradation/Direct Fioodwater Favorable (Degradation/Direct
Impact More Likely) Floodwater Impact Less Likely)
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A documented void exists under the foundation There have been no observed signs of structural
slab of the Turbine Building with a known distress in the floor slab or indicators of
hydraulic connection between groundwater structural distress in the architectural coverings
elevation and flows into the building sump. A at the current loading conditions.

more detailed discussion of this Key Distress
Indicator is presented in Section 4.1.

Unknown soil compaction density below the
structure.

Varying foundation systems within the same
structure (mat vs. spread footing) have the
potential for differential settlement.

The Maintenance Shop,-to the east, has
documented settlement issues. One building
column footing and a section of floor slab had
settled at the time of Revision 0. A more
detailed discussion of this Key Distress Indicator
is presented in Section 4.3. :
Data Gaps: ' _
o Previous areas that were not accessible w111 .
o Continued observation of structure as the ﬂp waters re _' S

Conclusion

Significance

thime’Building, which is located to the
. Voids below the base slab in the Turbine Building
rdwater are bemg pumped from the sump. Because

21760 and has much more redundancy If degradation occurred it would

would allow time to respond with corrective action. Minor amounts
of settlement wouldabe considered a serviceability problem, not a strength or safety issue.
Therefore, this implication of the potential degradation for this CPFM is low.
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Confidence

The available data are not sufficient to rule out this CPFM. Therefore, the confidence in the
_above assessment is low, which means more data are necessary to draw a conclusion.

Summary

For CPFM 3a, as discussed above, the combined consideration of the potentlal for degradation

and the implications of that degradation to a structure of this typegéuﬁs it 111{ “not significant”
category. It is possible that voids extend under the Tecw. 3 teg;although the
potential is low due to the distance from the Technical :

Triggering Mechanism 6 — Buoyancy, Uplift Forces

CPFM 6b — Cracked slab, loss of structural support

CPFM 6¢c — Displaced structure/broken conne i‘%%%
4

ig ,Q@‘ the structure, causing
: ude structure displacement

Favorable (Degradation/Direct
Floodwater Impact Less Likely)
There have been no observed signs of structural
distress in the floor slab or indicators of
structural distress in the architectural coverings
at the current loading conditions.

through s f,0r backi
floor drain syg%f, i

Floodwater levels are receding. The structure
has already experienced the maximum buoyant
uplift pressures. Therefore, the possibility of
failure from buoyancy is reduced.

Pata Gaps:

e Previous areas that were not accessible due to security issues will be inspected.
e Visual observation of structural elements that were not accessible.

#  Continued observation of structure as the flood waters recede will be performed.
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Conclusion

Significance

Potential for Degradation/Direct Floodwater Impact

The degradation associated with these CPFMs would include vertical movement of subgrade
soils through the slab joints within the structure. There have beengﬁao observed signs of

structural distress in the ﬂoor slab or mdlcators of structuradlstre' i the 2 ‘chltectural

al observation was limited to a
e’*‘data are not sufﬁc1ent to rule out

Triggering Mechanism 7 — Soil Collapse (first time wetting)
CPFM 7a — Cracked slab, differential settlement of shallow foundation, loss of structural
support
CPFM 7b — Displaced structure/broken connections
CPFM 7¢ - General site settlement

The Triggering Mechanism and CPFMs could occur as follows: soil material under the
structure is poorly compactéd backfill or uncompacted native subgrade. Groundwater elevation
rises to a level that saturates these soils. Soil undergoes excessive settlement, termed “collapse
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1y

settlement,” due to first time wetting. The potential damage includes settlement of floor slabs
and foundations, cracks in walls, and deflections in floors and roofs.

The peak flood elevation prior to 2011 was 1003.3 ft, which occurred in 1993. The peak flood
.elevation in 2011 was approximately 1006.9 ft. The bottom of foundation elevation for the
Phase 1 rigid mat is 1000 to 1002, which is below the previously documented flood elevation.
The bottom of the Phase 2 slab on grade is approximately 1004. 33 ft, which is above the
previously documented hlgh water level but within the flood elevatlon of the current year.

- potential to be subjected to first time wettmg

The following table describes observed distress indicatd and other'; ata

decrease the potential for degradation associated with tﬁ%%‘w
Center.

Adverse (Degradation/Direct Floodwater
Impact More Likely)

“Unknown backfill compactlon density below the
structure. L

5 .floor slab o“r:mdgcators of
'ﬁ%ss in the architaakiizal coverings

Sandbags in the corridor indicate that water

potentlally moved through the floor dsin 1993, The peak

alﬁwas approximately
w this structure were
fte "durlng earlier flooding events.

Potential for Degradation/Direct Floodwater Impact

Indicators for these CPFMs have not been observed in the Technical Support Center. However,
survey data has not been obtained to verify that vertical movement has not occurred. The peak
flood elevation prior to 2011 was 1003.3 ft, which occurred in 1993. The peak flood elevation
in 2011 was approximately 1006.9 ft. Soils below this structure were potentially wetted during
earlier flooding events. The potential for degradation is considered to be low.
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Implication

The occurrence of this CPFM could cause settlement of the shallow foundations or slab on
grade and has the potential to cause issues with the structure such as cracking of the walls,
cracking of the slabs, or distress to the architectural coverings. However, the Phase | portion,
which is designated Class I, is founded on a mat foundation and has much more redundancy. If
degradation occurred it would be slower to develop and would allow time to respond with
corrective action. Minor amounts of settlement would be consideréd a serviceability problem,

degradation for these CPFMs is low.

Confidence

are necessary to draw a conclusion.

Summary

significant” category. The data Uy
Therefore, the confidence in % netat

406
monitoring and inspection I a{%a necessary to ¢ 7
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5.5.5 Results and Conclusions

The CPFMs evaluated for the Technical Support Center are presented in the following matrix, which
shows the rating for the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Data) - (Sufficient Data)

Potential
for Failure
Significant

CPFM 3a

CPFM 6b

E | CPFM 6c
5 2 8 |CPFM 7a
22 %5 [CPFM 7D
L1 D | CPFM 7¢/
o8

Not S

n accessible areas.

3 i nd: sical modifications are recommended to address CPFM 3a,
Ta though‘7<”c &y, Di ; or f#1 and #3). These recommendations are described in detail in
Section 4.1, 3 i

Continued monitoring is# ended to consist of visual inspection of the Technical Support Center.
The purpose is to monito QT signs of structure distress and movement or changes in soil conditions

~ around the structure. The results of this monitoring will be used to increase the confidence in the
assessment results. The visual inspections should be performed weekly for 4 weeks and biweekly until
December 31, 2011.

At the time of Revision 0, groundwater levels had not yet stabilized to nominal normal levels.
Therefore, it is possible that new distress indicators could still develop. If new distress indicators are
observed before December 31, 2011, appropriate HDR personnel should be notified immediately to
determine if an immediate inspection or assessment should be conducted. Observation of new distress
indicators might result in a modification of the recommendations for this structure.



Priority 1 Structures Page 5.5-11
Technical Support Center Rev. 2

5.5.7 Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
incomplete in Revision 0 because the forensic investigation and/or monitoring for most of the

Priority 1 Structures was not completed by the submittal date. This revision of this Assessment Report
includes the results of additional forensic investigation and monitoring to date for this structure as
described below.

5.5.7.1 Additional Data Available

and 2 of this Assessment Report:

Results of KDI #1 forensic investigation (see Section_
Results of KDI #3 forensic investigation (see Section

e Results of“é’@v d*survey by Lamp Rynearson and Associates.

Survey data to date compared to the original baseline surveys have not exceeded the
accuracy range of the surveying equipment. Therefore, deformation at the monitored
locations, since the survey baseline was shot, has not occurred.

Several CPFMs were identified in Revision 0. Since Revision 0, additional data have become
available that have clarified the significance and confidence for these CPFMs. The following
presents each of the previously identified CPFMs and the new interpretation of their
significance and confidence based on the new data.
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Field observations of the Technical Support rooms (not previously visited due to security
issues) identified a horizontal crack along the east wall of Room 127. This CMU wall is along
the east expansion joint line with the adjacent Maintenance Shop. The horizontal crack in the |
east wall was within a horizontal mortar joint and was approximately 15 ft long and up to about
1/8 in. wide. The crack could be caused by localized settlement of the foundation below the
wall or flexural cracking of the wall due to out-of-plane forces. The crack appears to be new
since there is paint that bridges across the crack and there does not appear t0 be an
accumulation of dust within the openmg There i isno ev1dence of; (ﬁ of-plane movement of

TN amtenam%s‘h o a.nd the
sxon Jomt 15 SEPAEN

basement with pile foundation for the Auxiliary Bu11dmgdff’ % angy
grade for the Technical Support Center. As the shallow fou datlmgi‘-ﬁ “ ed indepen o
adJacent structures the settlement caused a point loa,dfe the CMU wallke

T
PG AR

; uon/slab/surfaces (due to

observed in the Turbine Building, Maintenance Shop, and
rt Center shared with the Maintenance Shop. Voids below
c/and the Maintenance Shop are known to exist and might

. '§ ; r:a‘lfhe masonry walls causing it to settle. The crack in the
314.%hought to be related to KDIs 1 and 3. The potential for

The occurrence of this CPFM could cause settlement of the shallow foundations or slab on
grade and has the potential to cause cracking of the walls, cracking of the slabs, or distress to
the architectural coverings. However, the Phase 1 portion, which is designated Class |, is
founded on a mat foundation and has much more redundancy. If degradation occurred it would
be slower to develop and would allow time to respond with corrective action. Minor amounts
of settlement would be considered a serviceability problem, not a strength or safety issue.
Therefore, this implication of the potential degradation for this CPFM is low.
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Confidence

The occurrence of damage due to subsurface erosion was not known at the time of Revision 0
due to lack of access to some of the structure. Subsequent field inspections indicate structure
movement that is thought to be associated with this CPFM and directly related to KDIs land 3.
If repairs are conducted relating to KDIs | and 3 then the confidence of the assessment for this
CPFM becomes high.

Summary

the implications of that degradation to the structure put
data collected since Revision 0 are sufficient to rule out thx
KDIs 1 and 3 are conducted. Therefore, the confidence 1

e 114
BN
: 5gs‘l‘gmf'lcantw cate
' assummg thc epairs under

CPFM 6b — Cracked slab, loss of structural¢str
CPFM 6¢ - Displaced structure/broken gdnnections

oor slab or indicators of
vading conditions that would be
1cture distress in these areas, the

There have been no observg_d&Sl :

7
structural dlstress in the archtt o,

al covermgs att UIT
inégithere were no signsioe

}gg and has the potential to'¢a
cracking of the slabs, or distresst

the architectural coverings. In addition, positive upward
on into the structure. The degradation is considered a
issue. Therefore, the implication of the potential

Confidence

Since Revision 0 was’completed, areas that were not previously accessible in the Tech Support
Center have been observed. Although some signs of distress have been observed in these areas
it is not believed that it could be related to these CPFMs because the wall footings and slab on
grade did not show signs of distress related to buoyancy or uplift forces. Since all areas of the
Tech Support Center have now been observed and no signs of distress relating to these CPFMs
have been found, the confidence of the assessment for these CPFMs is high.

9
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' Summary

For CPFMs 6b and 6c¢, as discussed above, the potential for degradation is low because the
implications of these types of CPFMs would most likely be serviceability issues rather than life
safety issues and would be apparent at this time. The combined consideration of the potential
for degradation and the implications of that degradation to a structure of this type puts it in the
“not significant” category. The data collected since Revision 0 are sufficient to rule out this
CPFM. Therefore, the confidence in the assessment is high; whichimeans no additional data
and inspections are necessary to draw a conclusion. ; :

Triggering Mechanism 7 — Soil Collapse (first time
CPFM 7a — Cracked slab, differential settlement off
support
CPFM 7b — Displaced structure/broken connectlons
CPFM 7c¢ — General site settlement

Significance

Potential for Degradation/Direct Floodwater,

Room 127 where the horizontal masonry crag
the Technical Support Center are f)

vith the structure such as cracking of the walls,
by ._? tural coverings. However, the Phase 1 portion,
'@foundatlon and has much more redundancy If

{CTa yg of the slabs, or dis!
v 1ch is de51gnated Class’i 18

ength or safety issue. ﬁlg%layers of subgrade not previously wetted are likely thin,
e effects of ﬁrst t1 wetting. Therefore, the implication of the potential

The occurrence ofdamrage due to soil collapse was not known at the time of Revision 0 due to
lack of access to some of the structure. Subsequent field inspections indicate structure
movement that can be associated with these CPFMs. The investigation of KDI #3 identified
the distress as being the result of subsurface erosion due groundwater flowing into the broken
drain pipes below the Turbine Building floor. Therefore, the distress is not believed to be the
result of soil collapse due to first time wetting. The confidence of the assessment for these
CPFMs becomes high.
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Summarv

Since Revision 1, KDI #3 was investigated and concluded that the distress in the Technical
Support Center is most likely the result of subsurface erosion due groundwater flowing into the
broken drain pipes below the Turbine Building floor.

For CPFMs 7a through 7¢, as discussed above, our confidence is high that the future potential
for degradatlon is low because soil collapse due to ﬁrst time wettmrg}ls not believed to have

‘,,4

out these, which

5.57.1 Revised Resuits

The CPFMs evaluated for the Technical Support Center ¢
which shows the ratmg for est1mated significance and the ,l

Key Distress Indicators and can be ruled out
1dent1ﬁed through the momtormg program ft

,::

quadrant of the matrix representing “No Fiigtfie
Flood.” CPFM 3a is associated Wmlﬂgey Eﬁ’si%e %&g

present the results of additional £ 1nvest1ga’91' i mithat was c&m?luefed to ascertain whether
these CPFMs could be ruled ou nsic 1nvest1gat10ns show that

%grl modlﬁcatlons‘ﬁ K
> fassummg that nc ¢ 5

i pport Center (dlscussed in Section 5.5.6 and

se CPFMs are moved to the quadrant of the matrix
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Low Confidence High Confidence
(Insufficient Data) (Sufficient Data)

Potential
for Failure
Significant

Potential
for Failure

Not Significant

1ve 1gat10ns including systematic observation of
ieliminate tﬁv’ riggering Mechanisms and PFMs from the list
on and/or physical modifications to remove them from the.
ause all CPFMs for the Technical Support Center other

il ngfl 1 any
PFMs remam%é? i
geotechnical and‘?' vt ral impacts of the 2011 Mlssoun River flood will be mitigated by the
implementation of T The physical modifications recommended in this Assessment Report.
Therefore, after the implementation of the recommended physical modifications, the potential
for failure of this structure due to the flood will not be significant.
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5.6 Independent Spent Fuel Storage Installation
5.6.1 Summary of Independent Spent Fuel Storage Installation

Baseline information for the Independent Spent Fuel Storage Installation (ISFSI) is provided in
Section 2.0, Site History, Description, and Baseline Condition.

The ISFSI consists of spent fuel modules placed inside 3-ft-thick rs‘}”= forcf;c ncrete, shield walls and
ceiling. The modules and shield walls are supported on a 2-ﬁ-thlck«£memforced Concrete basemat.
Approach slabs are located on the plan north, south, and east s1des,%% the basema -The approach slabs

consist of approximately 0.7-ft-thick remforced concrete. A ha 'ig:@ad eXIISQ’ el ortheast

elevation at the surface of the basemat is about 1009.5 ft. The approach slab npes downward“away
from the basemat to provide drainage. The haul road slopé”%l?anard to tll?? counding grade, -
which is at about el. 1004 ft. Side slopes along the perﬁé*teri' 3t
erosion with large -diameter nprap The rlprap extendsﬁfr'f)m the ¢

ectrical Equipment Building
iplan north along the plan west

" whﬁand approach slabs includec
tur «,. 1llxeon515ted of crushed li me compacted to 95 percent of the material’s maximum
density ‘as en@gmed by the modifi ed (
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5.6.2 Inputs/References Supporting the Analysis

Table 5.6-1 lists references provided by OPPD and other documents used to support HDR’s analysis.

Table 5.6-1 - References for ISFSI

Document Title OPPD Date Page
Document | Number(s)
Number ¢

Geotechnical Report Independent Spent Fuel Storage All

Installation Fort Calhoun Station
Fort Calhoun Station ISFSI, Basemat Evaluation

Naval Facilities Engineering Command, Design Manual
7.01, Soil Mechanics

::dlghst ——rgfor the ISFS

v Q N

Detailed site observatlons—ﬁeld reports, field notes, and mspect10n che
prov1ded in Attachment 8.

r&ally protecteYa,n ;llzed the existing river bank.
aii ermSystem releases%O 000 cfs on October 2, 2011.

ygradé’s around the perimeter of the structure for changes in consistency

>i‘ﬁ: llected survey data to date for indications of trends in the movement of

e An assessmt
the structure

e A review of building plans and the geotechnical report to 1dent1fy possible subsurface
features that might be susceptible to the PFMs

5.6.32 Assessment Procedures Not Completed
Assessments of the ISFSI that were not completed include the following:

e Geophysical surveys using GPR and seismic refraction to find voids (currently not planned.
Other data and observations are sufficient to reach a confident conclusion.)
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e Visual inspection of a portion of the precast cable trench and the grades adjacent to the
Electrical Equipment Building where the sandbag temporary berm was still in place (to be
completed)

e Inclinometers installed along the river bank to identify lateral movement (inclinometers are
planned to be installed- Other data and observations are sufficient to reach a confident
conclusion)

e Geotechnical borings to determine current soil conditions and capacities (currently not
planned- Other data and observations are sufficient to reach a dent;gonclusion)

5.6.4 Analysis

Identified PFMs were initially reviewed as discussed in Sectloh
preliminary information available from OPPD data files and from%
Eleven PFMs associated with five different Triggering Mechanlsm
“non-credible” for all Priority 1 Structures, as discussed in Sectich 0,
carried forward as “credible.” After the design review for each stricture
and the results of available geotechnical, geophysical, and surve
- CPFMs were ruled out as discussed in Section 5.6.4.1. &
assessment are discussed in Section 5.6.4.2.

i A'wafk dowﬁ%Ese' atlons
e»%e\:termined t‘é‘;d’;j .

5.6.4.1

5
¢ Surface erosion nearithe ISFSI was not observed during the field assessment.

Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3a — Undermining and settlement of shallow foundation/slab/surfaces (due to

pumping)

Reason for ruling out:

e The basemat and slabs are supported on 10 ft of crushed limestone, which would require
higher water velocities to erode than inflow due to pumping can produce.
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Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3¢ — Undermined buried utilities (due to pumping)

Reason for ruling out:

e Distress that can be attributed to the CPFM was not observed during the field assessments.

Triggering Méchanism 3 Subsurface Erosion/Piping

drawdown)

Reason for ruling out:

e The ISFSI is a sufficient distance from the river to be ”{o-
CPFM.

Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3f - Undermined buried utilities (due t@‘fiv"

Reason for ruling out:

e The ISFSI is a sufficient distance fromy
CPFM. ;

Triggering Mechanism 7 - S oil
CPFM 7a — Cracked slab%

Triggering Mec nis 1 10 — Machine/Vibration-Induced Liquefaction
CPFM 10a — Cracked slab, differential settlement of shallow foundation, loss of structural
support
CPFM 10b — Displaced structure/broken connections

Reasons for ruling out:

e ISFSI is not subjected to machines or vibrations that could induce liquefaction.
¢ Liquefaction was not observed at the site during the field assessment.
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Triggering Mechanism 11 - Loss of Soil Strength due to Static Liquefaction or Upward
Seepage
CPFM 11a — Cracked slab, differential settlement of shallow foundation, loss of structural
support
CPFM 11b — Displaced structure/broken connections

Reason for ruling out:

2
i
fp e,

¢ Liquefaction was not observed at the site during the ﬁe,ldg';ésses_sm t

CPFM 12b Lateral spreading

Reasons for ruling out:

e The ISFSI 1s a sufficient distance from the I‘lVCI‘ to be outside the:
PEM. -

e Slope failure was not observed at the site, g
e ~ River stage level has receded and stabiljz

5.6.5 Results and Conclusions

Possible CPFMs for the ISFSI have beer :gd‘zout gbove.{ s
the 2011 flood event that are appllcab'e*

5.6.6 Recommended Actions o

preSen¢ ¢ results of prellmmary a
incomplete 12Revision 0 because the f
PI‘lOI‘lty 1% K\ €S was not complete‘ m

4
56.71 Ad

The following addit nal data were available for the ISFSI for Revisions 1 and 2 of this

Assessment Report:

e Results of continued survey by Lamp Rynearson and Associates (see Attachment 6).
e A visual inspection of the cable trench at the grades adjacent to the Electrical Equipment
building was observed with no signs of distress.
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5.6.7.2 Additional Analysis

The following analysis of additional data was conducted for the ISFSI:
e Results of continued survey by Lamp Rynearson and Associates.

Survey data to date compared to the original baseline surveys have not exceeded the
accuracy range of the surveying equlpment Therefore, deformation at the monitored

In the assessment of the FCS Structures the first step waégt
Mechamsms and PFMs that could have occurred due to the pr@ on; ed 1nund5h_ n"' Btk

' 5 %gct the geotechmcal and
of:thi %Eructure due to the
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5.8  Turbine Building

5.8.1 Summary of Turbine Building

Baseline information for the Turbine Building is provided in Section 2.0, Site History, Description, and

Baseline Condition.

The Turbme Building is a multi-floored structur
el 1007 5 ft, the structure is cast-in- place emforc

grade of about 1004. 5 ft, and the structures are supp
floor is established at an elevation of 1007.5 ft and.i

: 1J_dmg to the west,
i € south. The
] ulatlon Water

cture consists of braced,
sundation is supported ona

OPPD Date Page
Document Number(s)
Number

(if applicable)

2010 Turbine Buildi

SE-PM-AE-1003 7/16/2009 All

Turbine Building 6" and oor Drain Pipe Breaks

(Summary of Unknown All

CR2009-1365)

Design Basis Document — Geotechnical

PLDBD-CS-54 Unknown All

Summary Report of Broken Floor Drain Pipes

NA 3/24/2009 All

Design Basis Document - External Flooding

PLDBD-CS-56 Unknown All

Work Order Package — 00350972 01 2010 Structural
Inspection of the Turbine Building

Reference to Unknown All
Procedure SE-PM- :
AE-1003

Naval Facilities Engineering Command,
Design Manual 7.01, Soil Mechanics

9/1986 All
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Detailed site observations—field reports, field notes, and inspection checklists—for the Turbine
Building are provided in Attachment 8.

~ Observed performance and pertinent background data are as follows:

e The Turbine Building is a Class II structure and is designed to withstand an external hydrostatic
load due to flooding of the Missouri River to el. 1007 ft (see PLDBD- CS -56).

e The below-grade structure is independent of the Auxiliary Building,
(expansion joint) between the basement walls. The void is filledawith:

e The Class A pile capacities were developed by load testing neitp
tension, and lateral loads (see PLDBD-CS-54). g ! s ot
e The Class B piles consist of pipe with 12.57-in. outside.diam 25-mwall thickness, which
meets ASTM A252 Grade 2 (F =35 KSI). The p' ' v 5

» The structure was protected from floodwater: :
combined with sand bags and portablf;_ ump

in the concrete, wall penetrations.
groundwater infiltration areas did not identify areas

elements that's

¢ The majority o encompassed between the pilasters have vertical shrinkage cracks
that were either dart} ghtly running or show signs of previous water infiltration.

e There is a vertical cracksthat is full wall height on the north basement wall, approximately 1 ft west
of column pilaster TC-9. During additional investigation, it was determined that the crack width at
the top of the wall is approximately 0.0625 in. and extends through the thickness of the wall. The
crack and the surrounding concrete at the top of the wall were dry with packed dirt/dust within the
crack, indicating that the crack had existed long before the flood event.

¢ The 2010 structural inspection of the Turbine Building (see Reference to Procedure SE-PM-AE-

~1003) indicated that there was no evidence of significant structural deterioration and that
previously installed crack monitors showed no signs of movement.
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e The south exterior of the building adjacent to the Turbine Building South Switchyard was visually
inspected, and no indications of soil subsidence were observed.

e A column footing in the Maintenance Shop in the first row of footings adjacent to the Turbine
Building (Column MG-15) has settied about 2 in., and cracks in the nearby masonry partltlon walls
indicate settlement of the floor slab.

e Below is a summary report of broken floor drain pipes with reference to CR2009-1365:

- CR2009-1365 was created on March 24, 2009. B

- Two drain lines run parallel to each other: the 6-in. floor drain andilie_10-in, waterbox drain. A
vendor visually inspected the drain lines because undocu i served draining
into the sump pit from both lines. They found a break i the branch tee from
the VD-193 drain valve. They could not inspect the 6-i
have a cleanout connection in this area and accessibility:
drain trap at each location.

- Review of system files shows that a break in the waterbo
some time. In 1997, a repair was attempted by core drillings

Report Period Apnl 1 Through June 30, 1997” (
“Repair of the Turbine Building Basemeg

pion July 22, 201 1, and subsequent visual observatlons

OPPD personnel md hat the drain lines were cleaned in 2011.
5.8.3 Assessment Meth.‘ods and Procedures
5.8.3.1 Assessment Procedures Accomplished

Assessments of the Turbine Building included the following:

e Visual inspection of the accessible areas of the interior of the structure from the ground
elevation of 1007.5 ft down to the basement floor elevation of 990 ft

e Visual inspection of the exterior of the structure, where accessible
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e An assessment of collected survey data to date for indications of trends in the movement of
the structure

" A review of previously referenced documents listed in Table 5.8-1.

Additional investigations were performed. These included the followmg noninvasive
geophysical and invasive geotechnical mvesﬂgatxons

e GPR along portions of the basement floor. (Test reports were n@Lavallable at the time of
Revision 0.) :
e Seismic surveys (seismic refraction and refractlon m;;crxz@’
(Test reports were not available at the time of Revisions
e TV inspection of the drain pipes below the basement
at the time of Revision 0.) '
o Geotechnical test borings in the protected area. Note tha
excavatlon for the first 10 ft of proposed test holes to m@td

®
5.8.4 Analysis

Identiﬁed PFMSAVY

led out as discussed in Sectlon _5.8.4.1. The CPFMs carried
ed in Section 5.8.4.2.

will not be show: % Botential for Fallure/Conﬁdence matrix.

Triggering Mechanism 2 — Surface Erosion
CPFM 2b — Loss of lateral support for pile foundation

Reason for ruling out:

e Surface erosion was not identified near the Turbine Building during the field assessments.
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Triggering Mechanism 3 — Subsurface Erosion/Pibing
CPFM 3e — Loss of lateral support for pile foundation (due to.river drawdown)

Reason for ruling out:

¢ The Turbine Building is at sufficient distance from the river and sufficient depth below the
ground surface to be outside the zone of influence of the CPFM.

n structures)

Triggering Mechanism 4 — Hydrostatic Lateral Loadlng wate
CPFM 4c — Wall failure in flexure
CPFM 4d — Wall failure in shear
CPFM 4e — Excess deflection

ading:

Reasons for ruling out:

CPEM 5a — Overturning
CPFM 5b - Sliding
CPFM 5¢ — Walil tailure in fl¢

Fhe Turbine Building't
“or overland flows capa

CPFM 6b -
CPFM 6c - Disp)

slab, loss of structural support
ed structure/broken connections

Reasons for ruling out:

e The Turbine Building is designed to withstand an external water load due to flooding of the
Missouri River to el. 1007 ft (see PLDBD-CS-56). The peak flood elevation in 2011 was
approximately 1006.9 ft, which is less than the structural design basis.

e No signs of structural distress due to buoyancy were observed.
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Triggering Mechanism 7 — Soil Collapse (first time wetting)
CPFM 7b — Displaced structure/broken connectlons
CPFM 7c¢ — General site settlement
CPFM 7d - Piles buckling from down drag

Reason for ruling out:

. -The building basement elevation of 990 ft is below the norma
approximately 992 ft. Therefore, the building foundatiom,syste
oroundwater elevations.

er elevation of
ically below normal

'CPFM 10b — Displaced structure/broken connections’

Reasons for ruling out:

o The turbine was not operated during th
o This is not a changed condition due to:
under similar saturated soil condition

ine/Vibration
orce on below

‘ v1brat10n is mounted on' ase mat fou idation slab of the strucrure This structure is
always below the river le

urmg the flood event.
due to the flood. The Turbme Building has been operating

Reasons for ruling out:

* Permanent equipment that has the capacity to produce significant dynamic forces due to
vibration is mounted on the base mat foundation slab of the structure. This structure is
always below the river level regardless of the flood elevation.

e The turbine was not operated during the flood event.

e This is not a changed condition due to the flood. The Turbine Building has been operating
under similar saturated soil conditions and machine vibrations.

o Liquefaction was not observed to have occurred at the site.
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Triggering Mechanism 11 — Loss of Soil Strength due to Static Liquefaction or Upward
Seepage

CPFM 11b - Displaced structure/broken connections
CPFM 11c — Additional lateral force on below-grade walls :

CPFM 11d - Pile/pile group instability

Reason for ruling out:

» Liguefaction was not observed to have occurred at the

Triggering Mechanism 12 — Rapid Drawdown
CPFM 12a — River bank slope failure and undermi
CPFM 12b — Lateral spreading

Reason for ruling out:

¢ The Turbine Building is at sufficient dlstance from the river an

Reason for ruling out:

e The Turbine Building is desi
Missouri River to el. 10§

CPFM 14a — Heavm:,, ent

son for ruling out:

re the only CPFMs carried forward for detailed assessment for the
a result of the 2011 flood. This detailed assessment is provided below.

The following b
Turbine Building ass

Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3b — Loss of lateral support for pile foundation (due to pumping)

The flow of groundwater into this drain piping system through the breaks in the pipes-is one of
the Key Distress Indicators discussed in Section 4.

The Turbine Building has a documented history of a void below the foundation dating back to
1997. Conversations with OPPD personnel indicate that groundwater has been flowing at
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varying rates through these broken pipes into the sump from that time to the present day. The
rate of flow into the sump is directly attributable to the hydraulic head of the groundwater
because the observed flow rates have increased as the floodwater elevation increased. This
drain pipe system was designed as a closed system; therefore, the pipes are not surrounded by
appropriate filter systems to preclude the transportation of soils from the surrounding area
under the slab. It is logical to assume that as the groundwater flows into the broken piping, the

gradient is sufficient to erode the soil.

means the
creating large
b,

Impact More Likely)

Adverse (Degradation/Direct Floodwater

Previously documented void under the mat
foundation

Documented breaks in the drain piping beio
mat foundation

(;_olumn TE13 in the
- detected in the

Potential for Degr:

ﬁfDirect Floodwater Impact

Indicators for this CPFM have been observed. A void below the mat foundation in the Turbine
Building is known to exist, and groundwater is constantly flowing into the sump from all five
drain lines. Because the 2011 flood caused increased groundwater flow through the broken
drain pipes, the potential that the 2011 flood caused further and more rapid degradation due to
this CPFM is high. It is possible that these voids extend beyond the Turbine Building.
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Implication

The occurrence of this CPFM would have to be large to negatively impact the capacity of the
piling supporting the building. Therefore, the implication of the potential degradation to the
Turbine Building for this CPFM is low.

Confidence

This CPFM has two elements: 1) the breaks in the drain pipes allow groundwater to flow

lost capacity because of this CPFM. Therefore, the confidk
which means more data are needed to draw a conclusion.

Summarv

degradation and the implications of that d
“significant” category. The data ¢
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5.8.5 Results and Conclusions

The CPFMs evaluated for the Turbine Building are presented in the following matrix, which shows the
rating for the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(Insufficient Data) (Sufficient Data)

CPFM 3b

Potential
for Failure -
Significant

Potential
for Failure
Not Significant

1deo to assess the impact on the piling system. Further
cations are recommended to address CPFM 3b (Key

of structure distress an ent and changes in soil conditions around the structure. The results of
this monitoring will be use 1 J increase the confidence in the assessment results. Elevation surveys
should be performed weekly for 4 weeks and biweekly until December 31, 2011. At the time of
Revision 0, groundwater levels had not yet stabilized to nominal normal levels Therefore, it is
possible that new distress indicators could still develop. If new distress indicators are observed before
December 31, 2011, appropriate HDR personnel should be notified immediately to determine whether
an immediate inspection or assessment should be conducted. Observation of new distress indicators
might result in a modification of the recommendations for this structure.
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5.8.7 Updates Since Revision 0

‘Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
incomplete in Revision 0 because the forensic investigation and/or monitoring for most of the
Priority 1 Structures was not completed by the submittal date. This revision of this Assessment Report

includes the results of additional forensic investigation and monitoring to date for th1s structure as
described below. ;

5.8.7.1 Additional Data Avaiiable

The following additional data were available for the T
this Assessment Report:

Results of KDI #1 forensic investigation (see Section

5872 Additional Analysis

The following analysis of additionali

ddmonally seditnent could be observed suspended in
p to about 3 ft of sand was found in the sump pit.

ids. Additional ground truthing of the investigation results
I #1 forensic investigation.

itest results conducted for this Assessment Report were compared
umerous other geotechnical investigations that have been conducted
zprevious years. This comparison did not identify substantial changes to
the soil strength and stiffness over that time period. SPT and CPT test results were not
performed in the top 10 feet to protect existing utilities.

e Results of continued survey by Lamp Rynearson and Associates.

Measurements to date compared to the original baseline measurements have not exceeded

the accuracy range of the surveying equipment. Therefore continued deformation at the
monitored locations due to the 2011 flood has not occurred.
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Additional analysis related to CPFM 3b is discussed in Section 4.1 for KDI #1.

The CPFMs that could not be ruled out in-Revision 0 are analyzed below based on the
additional data available for Revisions 1 and 2 of this Assessment Report.

Triggering Mechanism 3 — Subsurface Erosion/Piping
CPFM 3b - Loss of lateral support for pile foundation (due to pumpmo)

this CPFM is ruled out. Therefore, assuming that no
monitoring proqram for the Turbine Building (discusseds

5.8.7.1 Revised Results

The CPFM evaluated for the Turbine Buildin
shows the rating for the significance and theg

Low Confidene
(Insufficignt, Data

CPFM 3b
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5.8.7.2 Conclusions

In the assessment of the FCS Structures, the first step was to develop a list of all Triggering

Mechanisms and PFMs that could have occurred due to the prolonged inundation of the FCS

site during the 2011 Missouri River flood and could have negatively impacted these structures.

The next step was to use data from various investigations, including systematic observation of

the structures over time, either to eliminate the Triggering Mechanisms and PFMs from the list
- or to recommend further investigation and/or physical modifications,to remove them from the
list for any particular structure. Because all CPFMs for the Furb Jhildiigzother than

and their associated PFMs will remain credible for the
that the oeotechmcal and structural 1mpacts of the 2011
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5.9  Security Barricaded Ballistic Resistant Enclosures
5.9.1 Summary of Security Barricaded Ballistic Resistant Enclosures

Baseline information for the Security Barricaded Ballistic Resistant Enclosures (BBRE:) is provided in
Section 2.0, Site History, Descnptlon and Baseline Condmon

A,
Halis,

RIBEB0NSISES,

spread footing. Based on the readily.aVailable construction drdsii

assumed to be identical), the foundations were sized based on A _
1500 psf.

Prior to the original site development, grades in the area of the BBBES
to 1004 fi. Fmal 51te grades, in the area of the BBRESs, are estabhshed at

Page

. Number(s)
10/8/2004
8/13/1973
; 1/18/1975
Bl Topography s Unknown
BBRE*%@%(% Detalls o 09/06/2007
08/04/2006
Unknown All
Flood Events
Summary of Previous' Unknown All
Elevations
Bathymetric Survey : Unknown . . | Al
Survey Point Elevations Unknown All
Naval Facilities Engineering 9/1986 All
Command, Design Manual 7.01, Soil
Mechanics

Detailed site observations—field reports, field notes, and inspection checklists—for the BBREs are
provided in Attachment 8.
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“Observed performance and pertinent background data are as follows:

o ~ F-1 was constructed with the top of its spread footing flush with the surrounding pavement and is
assumed to reside on the pre-existing soils. '

e F-2 was constructed with the top of its spread footing ranging from about 1 to 10 in. above the
surrounding sloped pavement and is assumed to reside on the pre-existing soils.

e F-3 and F-6 were constructed on top of the pre-existing pavement with reinforcing bars doweled -

~ into the pavement. _

e F-4 and F-5 were constructed on top of the pre-existing soils. &

o Estimated fill placement above original grade at each BBR
- 10 ft at F-1, F-2, and F-3 ' :
- 1ftatF-4, F-5, and F-6

e Some site utilities might cross under the BBREs. The Raw
of about 995 ft, has been ideritiﬁed as crossing near or under t}

1Bu11d1ng fr i
fon has a recorded®

history dating back to 1997.
* Settlement of a column in the Maintenance Shop o
documented.

e F-1 and F-2 were protected by an Aqua Dam r&é '

h»'.ém o
jrbme Bu11 5 Has been

1 flood; however, the Aqua
dwater to enter the area

inside the Aqua Dam perimeter. Floo&g%ﬁg . ¥] and F-2 during this
period. Maximum depth of inundatigniin s approxunately 2 ft w1th an
approximate river elevation of 1Q _ : A

-« BBREs F-3 through F-6 are loc iSi i o thedie ita Dam, which resulted in the

foundations bejn am | N i w Bi; depth of ﬂoodlng was

A Vil moffset of about 1 in. wadidéntified along the southern side of BBRE F-1s foundation

and thé %the surrounding pa\qe‘}'mf%nt with the pavement being higher in elevation. The offset
could be dgg&ﬁqge;{existing conditio 3

e MHS-5 is locateliiear F-1 andgmmﬂe the perimeter of the Aqua Dam. An inflow of water was

o fgpgﬁﬁwo conduits near the top of the southern wall of the manhole.

These conduits cORTECHVIERS “to a manhole outside the perimeter of the Aqua Dam. Observations

OUEPUMPS had been used, ranging in size from 2 to 4 in.

e - Concrete areas in the co‘zl%rldor (paved drive and pedestrian areas between the river and Service
Building) have exhibited distress including cracking, settlement, and undermining. Portions of the
pavement distress could be pre-existing conditions.

o There is a hole in the pavement and void area beneath the pavement north of the Security Building
and east-southeast of MH-5. The hole and void area are outside of the perimeter of the Aqua Dam
that surrounded the facility. The pavement failure occurred at the intersection point of pavement
jointing. The hole in the pavement is irregular-shaped and is more than 1 ft wide both in the
north—south and east—west directions. The void area beneath the hole was approximately 4 ft in
diameter by 0.8 ft deep, as measured with a tape measure through the hole.
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e The river bank is armored and has historically protected and stabilized the existing river bank. h

e USACE reduced Missouri River Mainstem System releases to 40,000 cfs on October 2, 2011.
River levels correspondmg to the 40,000 cfs release rate stabilized at FCS on October 4,2011, at
about el. 995 ft. -

5.9.3 Assessment Methods and Procedures
5.9.3.1 Assessme'nt Procedures Accomplished

Assessments of the BBREs included the following:

Established survey points on each foundation and periodi
Assessed survey data to determine whether moygment i

a3

S _u;m uilt plans,
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Additional investigations were performed
mcludmg areas where conditions indjcati

e of Revrsron 0.
:%*emor) in the protected area.

£ of prope¢ &éﬁﬁﬁest holes to avoid utility conflicts. Therefore, test
_' aditions m% ﬁ’*‘pper 10 ft of test boring logs. (Test reports

einf Revision®0. )

! reports will not show s
were not available at the B

5.9.4 Analysis

Identified PFMs were initially reviewed as discussed in Section 3.0. The review considered the
preliminary information available from OPPD data files and from initial walk-down observations.
Eleven PFMs associated with five different Triggering Mechanisms were determined to be
“non-credible” for all Priority 1 Structures, as discussed in Section 3.6. The remaining PFMs were
carried forward as “credible.” After the design review for each structure, the structure observations,
and the results of available geotechnical, geophysical, and survey data were analyzed, a number of
CPFMs were ruled out as discussed in Section 5.9.4.1. The CPFMs carried forward for detailed
assessment are discussed in Section 5.9.4.2.

s

A
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5.9.4.1 Potential Failure Modes Ruled Qut Prior to the Compietion of the Detailed
Assessment

The ruled-out CPFMs reside in the Not Significant/High Confidence category and for clarity
“will not be shown in the Potential for Failure/Confidence matrix.

Triggering Mechanism 2 — Surface Erosion
CPFM 2a — Undermining shallow foundation/slab/surfaces

Reason for ruling out:

e Surface erosion was not identified near the BBREs an

Triggering Mechanism 5 — Hydrodynamic Loading
CPFM 5a — Overturning
CPFM 5b — Sliding
CPFM 5e — Damage by debris
CPFM 5f - Excess deflection

Reasons for ruling out:
. te
. The structures did not have evident si '. S Bf

Triggering Mechanism 7 — SoiliCu
CPFM 7a — Cracked sl'

3 §
_The peak flood elevatlon*%

Wto 2011 was 1003.3 ft, which occurred in 1993. The peak
“‘ﬂood elevation in 2011 waks

aszmi;rommately 1006. 9 ft. The soﬂs had been prevnously

hanism ,J._._ _ achme/V ibration-Induced Liquefaction
ache@éa%

, differential settlement of shallow foundation, loss of structural
W\%
=SURPOK
CPFM 10b —“E—D‘g ifaced structure/broken connections
CPFM 10d — Pile/pile group instability

Reasons for ruling out:

The structures did not have evident signs of distress identified during the field assessments
Machines that induce vibrations are not located near the structures
Liquefaction was not observed at the site.

R
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[\ Triggering Mechanism 11 — Loss of Soil Strength due to Static Liqueféétion or Upward .
l Seepage
{ CPFM 11a - Cracked slab, differential settlement of shallow foundatlon loss of structural

support

i e e

Prlorlty1Structures - | ' Page 5.9-6

CPFM 11b - Displaced structure/broken connections

* Reasons for ruling out:

e The structures did not have evident signs of dlstress
e Liquefaction was not observed at the site. 2

Triggering Mechanism 12 — Rapid Drawdown
CPFM 12a - River bank slope failure and underminis
CPFM 12b - Lateral spreading '

Reasons for ruling out:

Triggering Mechamsm 14 — Frosti

“."??5’@*- {

surface Erosion/Piping
settlement of shallow foundation/slab/surfaces (due to

Subsurface stru%{" 2 min% e general v1cm1ty of the BBRESs that were pumped during the flood

due to groundw. @?qggﬁltratlon included the following:
A &

e Manhole MH-5

e Manhole MH-24 :

e The Turbine Building sump pit

e The Trenwa near the Security Building

e Turbine Building South Switchyard cable trenches
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substantial distance from the known groundwater pumping locations and would not be in the
CPFM’s zone of influence.

Thé Triggering Mechanism and CPFM could then occur as follows: séil deposits could have
been carried with the water flow, causing subsurface erosion. If enough soil was removed from
these areas, it is possible that portxons of the building’s foundation, and slabs could be

Adverse (Degradation/Direct Floodwater
- Impact More Likely)
Visual observations of distress in the pavement
between F-1 and F-2 indicate some loss of .
pavement support.

Water was observed seeping out of the joint

‘between the pavement and the west face of the I
| foundation. :

| the BBREs.

% y data to dﬁ?ﬁé":ﬂo not identify measurable

e ment Q”ﬂm
— R?G! dilaay f_»‘“w e plans indicate that utilities
congeeiEling 1e known locations that were being

continudlly pumped do not cross under the
BBREs.

# Additional data will be ac;si
BBREs F-1, F-2, F-3, and

The CPFM has not been observed at the structures. However, voids created due to
groundwater pumping at MH-5 and MH-24 might not have been evident at the time of the field
assessments. Additionally, the extent of voids due to pumping of groundwater in the Turbine

Building sump has not been determined. Observations of the BBREs indica‘_ﬁe the potential that
degradation has occurred due to this CPFM is low.

(\/ This CPFM is only considered applicable to F-1 and F-2 because F-3 through F-6 are a e
!
!
i
:
!
{
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i e

gp——

~ “low,” which means more data or continugj

Implication

The occurrence of this CPFM would have to be large to negatively impact the performance of
the BBRE foundation. Depending on the location and extent, this would manifest as
foundation movement, which could negatively impact the integrity or intended function of the
BBREs. Therefore, the implications of the potential degradation for this CPFM is high. °

Confidence

The data at hand are not sufficient to rule out this CPFM ¢
conclusion that the BBRE foundations are or could becg
Therefore, the confidence in the above assessment is lo
to draw a conclusion.

ttoleadto a
use of this CPFM.
ta are necessary

Summary

For CPFM 3a, as discussed above, the potential for degradatlon is
have to be large to impact the integrity or intende ewv % i
consideration of the potential for degradatlon ?f‘f

not sufficient to rule out this CPFM. Therg =

draw a final conclusion.

licable to F-1 through F-3, because F-4 through F-6 are a
and would not be in the CPFM’s zone of influence.

Adverse (Degraéla‘tionlDirect Floodwater Favorable (Degradation/Direct Floodwater
Impact More Likely) Impact Less Likely)

The structures do not show signs of movement.

Survey data to date do not identify measurable
movement.

Data Gaps:
o Additional data will be acquired from GPR, seismic survey. and geotechnical test borings.
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Pl

Conclusion

Si.gn ificance
Potential for Degradation/Direct Floodwater Impact -

:,

|

g
i
|

None of the indicators for the CPFM has been observed at the structures. However voids due

to rapld drawdown might not have been ev1dent at the time of the fie ld assessments.

e .
s ificant. The

The occurrence of this CPFM below a BBRE foundation %
impact the performance of the BBRE foundatlons Depen

i

this CPFM is high.

Cenﬁdence

S
. Therefore, the conﬁdence in the above assessment is

i ontmued monitoring and inspections might be necessary to
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g

The CPFMs evaluated for the BBREs are presented in the followmg matrix, which shows the ratmg for

the estimated significance and the level of confidence in the evaluation.

Low Confidence High Confidence
(insufficient Data) - (Sufficient Data)
5 2%
s32 0
5EE
s c
252
a7
‘CPFM 3a
CPFM 3d
IS
528
S&5
=58
o
-4

P Wre recommended to address CPFM 3a and 3d (Key Distress

%‘ilons are described in detail in Section 4.1.3.
4

ded to include a continuation of elevation surveys of the previously
identified targets ol Sru %ﬁﬁ% the surrounding site. The purpose is to monitor for signs of
structure distress and ~ 9' ieh %or changes in soil conditions around the structure. The results of this
monitoring will be used%% crease the confidence in the assessment results. Elevation surveys should
be performed weekly for 4 Weeks and biweekly until December 31, 2011. At the time of Revision 0,
groundwater levels had not yet stabilized to nominal normal levels. Therefore, it is possible that new
distress indicators could still develop. If new distress indicators are observed before December 31,
2011, appropriate HDR personnel should be notified immediately to determine whether an immediate
inspection or assessment should be conducted. Observation of new dlstress indicators might resultin a_
modification of the recommendatlons for this structure.

Continued mon




Priority 1 Structures

Page 5.9-11
Security Barricaded Ballistic Resxstant Enclosures

Rev. 2

i"h\""

i 5.9.7 ..Updates Since Revision 0

Revision 0 of this Assessment Report was submitted to OPPD on October 14, 2011. Revision 0
presented the results of preliminary assessments for each Priority 1 Structure. These assessments were
incomplete in Revision 0 because the forensic investigation and/or monitoring for most of the -
Priority 1 Structures was not completed by the submittal date. This revision of this Assessment Report

includes the results of additional forensic investigation and monitoring to date for this structure as
described below.

5971 Additional Data Available

The following additional data were avallable for the B R
Assessment Report :

e e

-
1 v T T
® o 0

-Results of KDI #1 forensic investigation (see Section &b
Results of KDI #2 forensic investigation (see Section 4%
Additional groundwater monitoring well and riv

w'-;f‘

Results of falling weight deflectometer ingiests
(see Attachment 6). 4

Results of geophys1cal investigation by

e € o e
7
g
o
g
=3
a
. Ep
o
3
%}_
g’
o
B
b

Results of continued survey i , Bt ¢ o iates (see Attachment 6).
.~ rv b ﬁx

im v e bt e P a4 AT

59.7.2 Addltlonal Anal

fiield observations of river ﬁ

o
’;.‘ ‘*’i" ‘;\

_ Fallmg Weig ezglﬂectometer and associated GPR testing performed in the Paved Access
; Area 1dent1ﬁe%omahes such as soft clay and broken pavement. Additional ground

truthing of the mvest1gat10n results were performed as part of the KDI #2 additional
investigations.

Results of geophysical investigation by Geotechnology, Inc.

Seismic Refraction and Seismic ReMi tests performed around the outside perimeter of the

; power block as part of KDI #2 identified deep anomalies that could be gravel, soft clay,
: loose sand, or possibly voids.
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Results of geotechnical investigation by Thlele Geotech, Inc.

Six test borings were drilled, with continuous sampling of the soil encountered, to ground
truth the Geotechnology, Inc. seismic investigation results as part of the KDI #2 forensic
investigation. Test bore holes were located to penetrate the deep anomalies identified in the
seismic investigation. The test boring data did not show any piping voids or very soft/very
loose conditions that might be indicative of subsurface erosmn/plpmg or related material

loss or movement.

it were compared
a‘bcen conducted

' ot exceeded the
t the monitored

Sl \ S
15 surface m‘smn/Plpmo

#he results of additional forensic investigation that was conducted to
FMs could be ruled out. The results of the additional forensic

investigations show.. 4t if the recommendations for physical modifications in KDI #1 are
implemented that these CPFM:s are ruled out. Therefore, assuming that no further concerns for

the BBREs are identified through the monitoring program (discussed in Section 5.9.6 and

continuing until December 31, 2011), these CPFMs are moved to the quadrant of the matrix

representing “No Further Action Recommended Related to the 2011 Flood.”

U
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5971 Revised Results | -

The CPFM:s evaluated for the BBREs are presented in the following matrix, which shows the
rating for the estimated significance and the level of confidence in the evaluation.

Low Confidence ‘High Confidence
' _ (Insufficient Data) (Sufficient Data)

Potential
for-Failure
Significant

~ Potential
for Failure
Not Significant

list for anw“ AL mcgure. Because all CPFM:s for the Security BBREs other than
Beih: {ihaen ruled out prior to Revision 1, and because CPFMs 3a and 3d will
) ysxcal modifications recommended for KDI #1 in Section 4.1 are
implemented, no ﬁrr gering Mechanisms and their associated PFMs will remain credible for
the Security BBREs. HDR has concluded that the geotechnical and structural impacts of the
2011 Missouri River flood will be mitigated by the implementation of the physical
modifications recommended in this Assessment Report. Therefore, after the implementation of
the recommended physical modifications, the potential for failure of this structure due to the
flood will not be significant.






